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Executive summary 
 
In this Thesis the effects of food processing on pesticide residues in fruits and vegetables are 
investigated. Chapter one gives a brief overview and introduction to food safety, risk 
assessment of pesticide residues and the objectives of the study.  
An overview of pesticides in fruits and vegetables is presented in chapter two: why they end 
up in crops, their fate after application in the field, the monitoring of pesticide residues, 
MRLs, processing methods and risk assessment.  
Pesticide residue data used for the investigation of the relationship between physico-
chemical properties and processing and the human health impact risk assessment discussed 
in the following chapters, mainly came from the Belgian studies carried out at the Crop 
Protection Chemistry Laboratory at Ghent University.  
In chapter three, the information available in scientific literature is analysed using meta-
analysis of response ratios. This is a possible method of combining and quantifying effects of 
food processing on pesticide residue levels. The method was able to indicate which 
processes cause reduction and which may cause both reduction and an increase in residue 
levels. Average reduction of residue levels was indicated by blanching, boiling, canning, 
frying, juicing, peeling and washing of fruits and vegetables with an average processing 
factor (response ratio) ranging from 0.10 to 0.82. The processing factors for baking, boiling, 
canning and juicing ranged from 0.24 to 2.51, indicating both reduction and increases for the 
95 and 99.5% confidence intervals. 
In chapter four, the relationship between physico-chemical properties and processing 
techniques is investigated. Here for a comparison of influences of the following physico-
chemical properties  during processing were carried out: water solubility (Sw), water-octanol 
partition coefficient (Kow), Henry coefficient (H) and vapour pressure (Vp). The influences of 
physico-chemical properties during processing were significant (P < 0.05) in the stewing and 
washing processes. The differences between the behaviour of leafy and non-leafy vegetables 
were also investigated and showed a significant difference in frying, peeling, stewing and 
washing but not in boiling. The distributions from the five processing methods (boiling, 
 
 
xiv 
 
frying, peeling, stewing and washing) were investigated. The common distributions displayed 
by the samples involved during the processing methods were lognormal, generalised 
extreme value and weibull. The implications of these distributions are important during 
probabilistic risk assessment of pesticide residues and interpretation of the results. 
In chapter five, exposure assessment and human health impact of oncogenic potency of 
pesticides is performed from raw and processed fruits and vegetables. The oncogenic risk 
was calculated by multiplying the estimated daily intake (EDI) of the pesticide residue with 
the oncogenic potency factor (Q*) of the concerned pesticide. The estimated dietary 
oncogenic risk was mainly from procymidone, iprodione, vinclozolin and dithiocarbamates. 
The total potential oncogenic risk was calculated to be 2.76 x 10-3 before processing and 8.97 
x 10-4 after processing. The risk was higher than the EPA acceptable limit of 1 x 10-6. Despite 
the calculated levels exceeding the EPA acceptable limit, food processing activities reduced 
the dietary oncogenic risk to an average of 33.8%.  
In chapter six, the potential risk of acetylcholinesterase (AChE) inhibiting pesticides is 
investigated. For this a cumulative risk assessment of organophosphates and carbamates, for 
the consumption of fruits and vegetables by the Belgian population, was performed. The 
Relative potency factor (RPF) approach was used and chlorpyrifos was chosen as index 
compound. The RPF values were derived using BMD10 or NOAEL for AChE inhibition, mostly 
in the rat brain. The exposure to AChE inhibiting pesticides at the 97.5 percentile was 33.7% 
of the chlorpyrifos ARfD before processing and 18.3% after processing. Parathion and 
methomyl were the highest contributors to the ARfD. Acute cumulative risk assessment of 
AChE inhibiting pesticides (organophosphates and carbamates) during the time of the study 
did not pose any risk to the consumers.  
From the whole Thesis we can conclude that food processing in most cases reduced the 
exposure of pesticide residues. This was evident from the meta-analysis investigation since 
most of the processes had average processing factors less than one. The human health 
impact  assessment of oncogenic risk exposure and acetylcholinesterase inhibiting 
compounds supported the findings.  
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Gedetailleerde samenvatting 
 
In dit werk worden de effecten van voedselbereiding op 
gewasbeschermingsmiddelenresidu’s in fruit en groenten bestudeerd. Hoofdstuk één geeft 
een beknopt overzicht en een inleiding tot voedselveiligheid, risicoberekening van residuen 
van gewasbeschermingsmiddelen (GBM) en de doelstellingen van deze studie weer. 
Een overzicht van GBM in fruit en groenten is gegeven in hoofdstuk twee: waarom komen 
deze residuen voor in gewassen, wat gebeurt er na het toepassen van GBM in het veld, hoe 
wordt toezicht gehouden op residuen van GBM, wat zijn MRL’s, welke bereidingsprocessen 
hebben een invloed en hoe wordt de risicobeoordeling uitgevoerd. 
Residudata gebruikt in het onderzoek naar de relatie tussen fysico-chemische eigenschappen 
en voedselverwerking en de risico-inschatting op consumenten, aangehaald in de volgende 
hoofdstukken, zijn afkomstig van enkele studies uitgevoerd binnen het Laboratorium voor 
Fytofarmacie van de Universiteit Gent. 
In hoofdstuk drie wordt de informatie die beschikbaar was in wetenschappelijke literatuur 
geanalyseerd door middel van meta-analyse van responsratio’s. Dit is een methode die 
toelaat de effecten van voedselverwerkingsprocessen op residuniveaus te combineren en 
kwantificeren. Deze methode maakt het mogelijk om te bepalen welke processen een 
reductie en welke zowel een reductie als toename van residuniveaus veroorzaken. Bij het 
blancheren, koken, inblikken, frituren, schillen, wassen en persen tot sap van groenten en 
fruit was er een gemiddelde afname van het residuniveau met een gemiddelde 
verwerkingsfactor (processing factor: PF) tussen 0.10 en 0.82. De PF’s voor bakken, koken, 
inblikken en persen tot sap lagen tussen 0.24 en 2.51, wat zowel een toe- als afname van de 
residuen aangeeft voor de 95 en 99.5% betrouwbaarheidsintervallen. 
In hoofdstuk vier wordt het verband tussen fysico-chemische eigenschappen en 
verwerkingstechnieken onderzocht. Hiervoor werden de invloeden van volgende fysico-
chemische eigenschappen tijdens de verwerking vergeleken: wateroplosbaarheid (Sw), 
octanol-water partitiecoëfficiënt (Kow), Henry coëfficiënt (H) en de dampdruk (Vp). De 
invloeden van deze fysico-chemische eigenschappen tijdens het verwerkingsproces waren 
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significant (p < 0.05) bij het stoven en wassen van groenten en fruit. De verschillen tussen 
het gedrag van bladgroenten en andere groenten werden eveneens onderzocht en waren 
significant bij het frituren, schillen, stoven en wassen, maar niet bij het koken. De 
verdelingen van deze vijf verwerkingsmethoden (koken, frituren, schillen, stoven en wassen) 
werden bepaald. De meest voorkomende verdelingen van de steekproeven tijdens de 
verwerkingsmethoden, waren de lognormale, de “generalised extreme value” en de weibull 
verdeling. De implicaties van deze verdelingen zijn belangrijk bij het uitvoeren van een 
probabilistische risicoberekening van residuen van GBM en de interpretatie van de 
resultaten. 
In hoofdstuk vijf worden de blootstelling en het effect op de volksgezondheid van het 
oncogene vermogen van GBM nagegaan voor rauwe en verwerkte groenten en fruit. Het 
oncogene risico wordt berekend door vermenigvuldiging van de geschatte dagelijkse inname 
(estimated daily intake: EDI) van het pesticidenresidu met de “oncogenic potency  factor” 
(Q*) van het betreffende pesticide. Vooral procymidone, iprodione, vinclozolin en 
dithiocarbamaten dragen bij tot het geschatte oncogene risico via de voeding. Het totale 
potentiële oncogene risico werd berekend op 2.76 x 10-³ voor verwerking en 8.97 x 10-4 erna. 
Het risico was hoger dan de aanvaardbare limiet van 1 x 10-6 vastgelegd door EPA. Ondanks 
het overschrijden van de aanvaardbare limiet, was duidelijk dat voedselverwerkende 
processen het oncogene risico door voedselinname reduceren tot een gemiddelde van 
33.8%. 
In hoofdstuk zes wordt het potentiële risico van acetylcholine-esterase (AChE) inhiberende 
pesticiden onderzocht. Hiervoor werd een cumulatieve risicoberekening van organofosfaten 
en carbamaten uitgevoerd voor de groenten- en fruitconsumptie van de Belgische populatie. 
De “relative potency factor” (RPF) benadering met chlorpyrifos als referentiecomponent 
werd gebruikt. De RPF-waarden werden afgeleid van de BMD10- of NOAEL-waarden voor 
AchE-inhibitie, voornamelijk afkomstig van tests met de hersenen van ratten. De 
blootstelling aan AChE inhiberende pesticiden op het 97.5 percentiel niveau bedroeg voor 
verwerking 33.7% van de ArfD (Acute Reference Dose) van chlorpyrifos en 18.3% na 
verwerking. Parathion en methomyl droegen het meeste bij aan de ARfD. Een acute 
cumulatieve risicoberekening van AChE inhiberende pesticiden (organofosfaten en 
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carbamaten) gedurende de tijdspanne van de studie, duidde niet op een risico voor de 
consument. 
Op basis van dit doctoraal proefschrift kan besloten worden dat de bereiding van 
voedingsmiddelen in de meeste gevallen bijdraagt aan een afname van de blootstelling aan 
gewasbeschermingsmiddelenresidu’s. Dit blijkt duidelijk uit het onderzoek op basis van de 
meta-analyse die voor de meeste bereidingen gemiddelde verwerkingsfactoren (PF’s) lager 
dan één aangaf. Het onderzoek rond het effect van de bereiding op het oncogene risico en 
op de cumulatieve blootstelling aan AchE-inhiberende componenten ondersteunt deze 
bevinding. 
 
 
1 
 
CHAPTER 1: RESEARCH OBJECTIVES AND THESIS OUTLINE 
 
1.1 Framework of research 
 
Food safety is an important issue that attracts all of us. While the consumers are concerned 
about the safety of what they eat, the governments on their side are concerned with finding 
ways to reduce food related risks and illnesses. From a viewpoint of food safety, the 
consumers would prefer no or as little pesticide residues in the food as possible. Safe food 
indirectly contributes to health and productivity thereby providing effective platform for 
development and poverty alleviation (WHO 2002). Several international organisations are 
involved in assuring and controlling food safety worldwide. Well known are the Food and 
Agriculture Organisation of the United Nations (FAO), the World Health Organisation (WHO), 
the Codex Alimentarius Commission (CAC), the Joint FAO/WHO Meeting on Pesticide 
Residues (JMPR) and the Joint FAO/WHO Expert Committee on Food Additives (JECFA). 
There are also regional bodies involved in assuring food safety especially in Europe such as 
the European Medicines Agency (EMEA), the European Food Safety Association (EFSA),the  
European Commission's Directorate General for Health and Consumer Policy (DG SANCO). 
There are also governing bodies taking care of the national issues in each country as well as 
collaborating with the regional and international organisations. To raise the awareness and 
importance of food safety, WHO called upon its member states to recognise food safety as 
an essential public health priority. They developed a global strategy to reduce the burden of 
food borne diseases (WHO 2002). The global strategy was necessitated by the fact that food 
grown in one country can now be transported and consumed in another country far away. 
Therefore it is important that the global community is aware of the food safety issues in 
other countries and how they can be reduced. A well documented case of the side effects of 
the upcoming globalisation resulting in an undesirable situation is the study the dioxin 
contaminated feed from a single source that entered 1500 farms in Europe within 2 weeks 
(WHO 2002). The food produced from the farm animals that ate the fodder were distributed 
internationally. 
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Globally, WHO (2002) summarised food safety concerns into the following topics; 
microbiological hazards, chemical hazards, surveillance of food borne diseases, new 
technologies and capacity building. An example of food safety concerns can be observed 
from the Australian survey (William 2004) which indicated that the public was concerned 
about pesticide residues, food additives and preservatives, food processing/ handling/ 
freshness, food hygiene and genetically modified organisms (GMOs). Recently, the 
publication of the Special Eurobarometer 354 (EC 2010) on food related risks in the EU 
region showed that 19% of the interviewed citizens cited chemicals, pesticides and other 
substances as major concerns. The risks cited to be “very worried” about were pesticides 
(31%), antibiotics (30%), pollutants like mercury and dioxins (29%) and cloning of animals for 
food products (30%). Food poisoning (12%), food freshness (9%), food additives, colours and 
preservatives (9%), traceability, allergies, environmental concerns (3%) and BSE (2%) were 
also mentioned as areas of concern. One of the improved approaches of WHO to ensure 
food safety globally was to development of science based measures along the entire food 
production chain that prevent exposure to reach unacceptable levels of microbial agents and 
chemicals in the food. This encourages Research and Development institutions to 
continuously look for ways to improve and eradicate food related risks to prevent illnesses. 
This idea was also expressed by the EC. The ways to carry out this may include advanced 
food technologies, safer methods of food production and distribution, new methods of 
assessing contamination, chemical risks and exposures (EC 2000). 
 
Pesticide residues, one of the top most concerns of food safety issues, are found in 
agricultural produce. They are result of pesticides being used in agricultural production to 
eradicate the pests and protect the harvest. Pesticides had a great positive impact in 
increasing the world food production, but have also been identified as one of the food safety 
concerns due to their potential harmful effects to humans and the environment. The 
harmful effects that have been identified concerning pesticide include reproductive and 
endocrine disruption, neurodevelopmental delays, impact on immune system, cancer and 
respiratory distress. Most countries, especially developed countries have regulations in place 
to control pesticides usage but their residues are still detected in raw agricultural 
commodities and processed foods (EFSA 2009). However, they mostly detected at levels 
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below the authorized maximum residue limits (MRLs). In developing countries there are still 
challenges of monitoring pesticides usage.  
Food processing is one of the methods reducing pesticide residues exposure through food 
consumption. Reduction of pesticide residues due to food processing is characterised by 
food processing factors. These food processing factors can be used in risk exposure 
calculations to bring the estimations to more realistic values compared to a non-inclusion of 
the processing effects. A few processing factors exists for the commonly consumed products 
in different geographical locations. The general processing factors that can be used for a 
group of pesticides or a specific method of processing are not always available in literature. 
However, recent pesticide registrations require that processing studies have to be included 
in the registration processes. FAO/WHO (FAO/WHO, 2007) discussed the establishment of 
MRLs and processing factors for processed foods to improve the situation. Obtaining a 
processing factor for every crop and each processing method can be an expensive exercise; 
therefore ways to generalise and predict processing factors have to be investigated. 
 
To understand and make informed decisions in reducing food safety related problems, risk 
analysis method has been the main focus in recent years. Risk analysis involves three 
components: risk assessment (scientific advice and analysis of information), risk 
management (regulation and control) and risk communication. Risk assessment which 
provides the scientific foundation of risk analysis is the main area where researchers are 
involved. Risk assessment is divided into four categories: hazard identification, hazard 
characterisation, exposure assessment and risk characterisation. Hazard characterisation 
which deals with the toxicological properties related to a specific substance, defines the 
priority the chemical is given especially in carcinogenic and non-carcinogenic substances. 
The toxicity of the chemicals can be evaluated according to the different time frames, 
mainly: acute, short term, sub-chronic and chronic (Renwick 2002). The time frames 
described in Renwick (2002) are explained below: 
 The acute toxicity refers to adverse effects occurring within a short period of time of 
administration of a single dose of an agent, or immediately following short or 
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continuous exposure, or multiple doses over 24 hours or less. The reference dose for 
this toxicity is the acute reference dose (ARfD). 
 The short term toxicity refers to the adverse effects occurring in a period of 14-28 
days after administration of daily doses. 
 The sub-chronic toxicity refers to the adverse effects as a repeated daily dosing of a 
chemical to experimental animals for a part (not exceeding 10%) of its lifespan. In 
practice with experimental animals, such an effect is usually identified as resulting 
from multiple or continuous exposures occurring over 3 months (90 days) 
 The chronic or long-term toxicity refers to adverse effects occurring as a result of 
repeated dosing of an agent on a daily basis, or exposure to that agent, for a large 
part of the organism’s lifespan (usually more than 50%). The threshold endpoints are 
determined in experimental animals for one year (non-rodents) or two years 
(rodents). The data from these studies are used to determine reference endpoints for 
humans. The reference end point for chronic toxicity is the acceptable daily intake 
(ADI) for non-carcinogenic chemicals. For carcinogenic chemicals, the estimated risk 
is expressed as a probability of extra cancer and is compared with an arbitrary value 
of 1 x 10-6 for all the chemicals. 
 
All the pesticides are evaluated for the toxicity using the time frames mentioned above 
before registration. As part of risk assessment, exposure assessment of the pesticide 
residues found in the food is done by combining the amount of food consumed and the 
amount of pesticide residue present in the food. The obtained values are then compared 
with ADI for chronic assessment and ARfD for acute assessment for safety evaluation. In 
cases of carcinogenic substances the exposure is multiplied by the cancer potency factor to 
get the extra probability of cancer occurring after ingestion of the pesticide residue. Recently 
cumulative risk assessment has gained momentum since it was realised that in real life 
humans are exposed to more than one chemical at a time. As a result, ways of how to 
cumulate chemicals are being investigated (DVFA 2003; EFSA 2008; Kortenkamp 2007; 
Wilkinson et al. 2000). 
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1.2 Research objectives 
 
The main objective of this PhD thesis was to investigate the influence of the processing 
factors on pesticide residues in fruits and vegetables used in the risk assessment of 
consumers. 
 
The specific objectives are: 
1. To give the state of the art on effects of food processing on pesticide residues in 
fruits and vegetables by  a literature survey, 
2. To perform a meta-analysis on effects of processing on pesticide residues and to 
come up with general processing factors for processing methods available in 
literature, 
3. To investigate the relationship between pesticide physico-chemical properties and 
processing techniques, 
4. To evaluate the human health impact of pesticide residues in cancer risks,  
5. To evaluate possible acute cumulative risk assessment of organophosphorus and 
carbamates  exposure from fruits and vegetables, 
6. To evaluate the process of mitigation of pesticide residues exposure by food 
processing. 
 
1.3 Thesis outline 
 
The thesis is presented in seven chapters. Chapter one gives a brief overview and 
introduction to food safety, risk assessment of pesticide residues and the objectives of the 
study. Chapter two is an overview on how pesticides end up in fruits and vegetables, their 
fate after application in the field and monitoring of pesticide residues, MRLs, processing of 
fruits and vegetables and risk assessment of pesticide residues. Chapter three gives a 
systematic review of literature on effects of food processing on pesticide residues in fruits 
and vegetables using meta-analysis of response ratios. This gives the general processing 
factors for the investigated processing methods. Chapter four compares the influence of 
physico-chemical properties of the pesticides and the difference between leafy and non-
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leafy vegetables during processing. The distributions of the results obtained using five 
processing methods (boiling, frying, peeling, stewing and washing) are investigated. Chapter 
five, deals with exposure assessment of pesticide residues with reference to cancer risks 
using oncogenic potency factors (Q*) and the effect of food processing. Chapter six focuses 
on acute cumulative risk assessment using the relative potency factor method on 
acetylcholinesterase inhibiting pesticides; organophosphates and carbamates. Chapter 
seven, the last chapter, gives general discussion, conclusion and recommendation for future 
research work. 
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CHAPTER 2: INTRODUCTION AND GENERAL BACKGROUND 
 
 
This chapter has been partly compiled from: 
Keikotlhaile BM and Spanoghe P. (2011). Pesticide residues in fruits and vegetables. In 
Stoytchena M. (Ed). Pesticides: formulations, effects, fate, Rijeka, Intech. 
 
2.1 Pesticide Residues in Fruits and Vegetables 
 
Fruits and vegetables are one of the most consumed foods according to the World Health 
Organisation (WHO), they account for 17% of the total diet for the lowest consumers in 
Africa and 31% for the highest consumers in Europe (WHO 2003). Fruits and vegetables 
provide essential nutrients that are required for good functioning of the body. A high intake 
of fruits and vegetables (five or more servings per day) has been encouraged not only to 
prevent phenomenon such as vitamin deficiency but also to reduce the incidence of major 
diseases such as cancer and cardiovascular diseases (Soerjomataram et al. 2010). Like other 
crops, fruits and vegetables are attacked by pests and diseases during production and 
storage leading to damages that reduce the quality and the yield. In order to reduce the loss 
and maintain the quality of fruits and vegetables at harvest, pesticides are used together 
with other pest management techniques during cropping to destroy pests and prevent 
diseases. The uses of pesticides have increased because they are faster in action than 
biological methods. They destroy fungi thereby reducing the mycotoxins presence and are 
less labour intensive than other pest control methods. However, the use of pesticides during 
production often leads to the presence of pesticide residues in fruits and vegetables after 
harvest.  
 
The presence of pesticide residues is a concern for consumers because pesticides are known 
to have potential harmful effects to other non-target organisms than weeds, pests and 
diseases. The major concerns are their toxic effects such as interfering with the reproductive 
systems and foetal development as well as their capacity to cause cancer and asthma (Gilden 
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et al. 2010;Ritter et al. 2006). Some of the pesticides are persistent and therefore remain in 
the environment causing long term exposure. The concern has led to governments setting 
up monitoring systems in order to assess the safety situation and make informed decisions 
when passing legislation. 
 
2.2 Pesticides fate after application to fruits and vegetables 
 
Fate refers to the pattern of distribution of an agent, its derivatives or metabolites in an 
organism, system, compartment or (sub) population of concern as a result of transport, 
partitioning, transformation or degradation  (OECD 2003). After pesticides are applied to the 
crops, they may interact with the plant surfaces, be exposed to the environmental factors 
such as wind and sun and may be washed off during rainfall. The pesticide may be absorbed 
by the plant surface (waxy cuticle and root surfaces) and enter the plant transport system 
(systemic) or stay on the surface of the plant (contact). While still on the surface of the crop, 
the pesticide can undergo wash-off, volatilization, photolysis, chemical and microbial 
degradation. These processes are illustrated in Figure 2-1. All these processes can reduce the 
original pesticides concentration but can also introduce some metabolites in the crops. 
Pesticide deposits may also be reduced by dilution during the growth of the plant, especially 
for those plants with rapid growth rate (Holland and Sinclair, 2004; Zongmao 1997). 
Zongmao (1997) found that the degradation rate of cypermethrin was proportional to the 
growth rate of young tea plant shoots. Karthika (2009) found that systemic fungicides 
(hexaconazole, propiconazole and tridemorph) were reduced to almost 50% in the buds and 
leaves during the growth period of 11 days in tea plants. 
Although degradation of pesticides is influenced by different environmental processes, Celik 
et al. (1995) concluded that under natural field conditions volatilization is the main process 
that affects surface deposits of pesticides. These researchers applied six pesticides 
(azinphos-methyl, ethion, diazinon, methidathion, phosalone and pirimicarb) to apples and 
found that volatilization was the dominant process followed by solar irradiation. Bacterial 
degradation had the lowest influence except for phosalone. Pirimicarb was highly degraded 
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by solar irradiation. Rain wash-off can also be very important especially when it occurs 
shortly after application. 
 
 
 
Figure 2-1: The fate processes of pesticides 
 
Of the pesticide remaining at the application site, three major processes determine its fate: 
adsorption, transfer and degradation. Adsorption is the chemical process that results in a 
pesticide being chemically bound or adsorbed to a soil particle. For example, portions of a 
positively charged pesticide molecule may bind electrically to the negatively charged clay 
minerals or organic matter (Navarro 2007). The adsorption depends on the properties of the 
soil and the pesticide. Transfer refers to the processes that move the pesticide away from 
the application site and includes volatilization, runoff, leaching, absorption and crop 
removal. Sometimes transfer of the pesticide is essential for pest control. For example, 
certain pre-emergence herbicides need rainfall or irrigation to move within the soil and 
reach the roots of germinating weed seeds. Volatilisation occurs when a liquid or solid goes 
to the gas phase and moves away from the initial application site. Volatilisation of the 
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pesticide usually occurs immediately after application in the field. The process depends on 
the vapour pressure of the pesticide. Pesticides with high vapour pressure tend to volatilize 
rapidly into the air while those with low vapour pressure remain longer on the surface 
(Holland and Sinclair 2004). Volatilisation rate also depends on environmental factors such 
as wind speed and temperature. The faster the speed and the higher the temperature the 
more the pesticide will evaporate. Pesticides vaporize more quickly in moist soils than dry 
soils (Navarro 2007). Runoff occurs when water is added to a field faster than it can be 
absorbed into the soil. Pesticides may be transported with runoff as compounds dissolve in 
the water or attached to the soil particles. Leaching is the downward movement of the 
chemical through the soil, eventually reaching the ground water.  
Absorption is the uptake of pesticides or other chemicals into the plant or animal. After 
absorption, the pesticide residue may be broken down or remain in the plant or animal until 
harvest. Degradation is the process of pesticide breakdown after application by microbial 
action, chemical action or photodegradation. This process may take hours, days, weeks or 
years, depending on the environmental conditions and the chemical characteristics of the 
pesticide. Some pesticides may be degraded by microbial metabolism. Micro-organisms can 
use pesticides as nutrients thereby breaking them into carbon dioxide and water or they can 
form metabolites  (Holland & Sinclair 2004). Because of differences between naturally 
occurring organic chemicals and pesticide molecules, pesticides cannot always be 
assimilated by the microbes but they may be altered at reactive sites. The metabolites 
formed may be less or more toxic than the parent chemical. Chemical degradation involves, 
e.g. hydrolysis and chemical reduction or oxidation reactions. Photolysis occurs when 
molecules absorb energy from the sunlight resulting in pesticide degradation. The indirect 
reaction can also be caused by some other chemicals being broken by the sunlight and their 
products reacting with pesticides in turn.  
2.3 Authorisation of pesticides 
Pesticides that are available on the market are guided and controlled by some legislation in 
many countries. The legislation aims to protect the consumers and the environment against 
adverse effect of pesticide use. The authorisation requirements must guarantee a high 
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standard of protection to prevent the use of products whose risks to health, ground water 
and the environment have not been investigated. An example of the authorisation process is 
illustrated by the EU pesticide authorisation criteria which were directed by the Directive 
91/414/EEC (EC 1991). The directive applied to all the EU member states in order to place 
the pesticide on the market. Pesticide products in the formulated form ready for selling are 
authorised at the national level while active substances are authorised at EU level. Before an 
active substance can be considered to be included in Annex I of directive 91/414/EEC the 
pesticide companies must submit a complete dossier on the active substance and a dossier 
on at least one pesticide product containing the active substance. The dossier (requirements 
listed in Annex III) contains identification of the active substance, physical and chemical 
properties, effects on target pests and a risk assessment of any possible effects on workers, 
consumers, the environment and non target plants and animals. For inclusion of the active 
substance in Annex I, the safety reference points like the ADI, the ARfD and acceptable 
operator exposure level are considered during evaluation. The active substance can be 
authorised for an initial period not exceeding 10 years. After that period the active 
ingredient is re-evaluated in line with the current scientific and technical knowledge (Annex 
II). Pesticides registered under the directive 91/414/EEC are recognised in the member 
countries. The authorisation of pesticides will be improved further by implementing 
regulation EC 1107/2009 effectively from June 2011 that replaces directive 91/414/EEC and 
79/117/EEC (prohibiting the placing on the market and use of plant protection products 
containing certain active substances). The regulation is aimed at streamlining mainly the 
national authorisation procedures for plant protection products and dedicates the role of 
EFSA in the risk assessments at EU level. 
 
2.4 Maximum Residue Levels  
 
Maximum residue levels are the highest levels of residues expected to be in the food when 
the pesticide is used according to the authorised agricultural practices  (EFSA 2010). Those 
agricultural practices are referred to as good agricultural practices (GAP) and are defined as 
the use pattern derived from efficacy trials that result in the lowest effective rate the specific 
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pest-crop combination (MacLachlan and Hamilton 2010). The use pattern includes 
application rate and interval between the last application and harvest, also known as the 
pre-harvest interval (PHI). Residue data used for MRL setting covers a range of climates, 
growing practices, crops and cultivars that the pesticide has been applied to using GAP. A 
minimum number of field trials are required to set the MRLs. In the EU it is required that 
eight field trials should be conducted over at least two seasons in both the north and south 
parts of the EU  for the major crops and four field trials per region for the minor crops (EC 
2008). The supervised trials should reflect the variability of residues likely to occur in a 
normal farming practice when a pesticide is used in critical GAP. Critical GAP refers to the 
conditions when maximum application rate of the pesticide formulation and minimum PHI 
are used (MacLachlan and Hamilton 2010). GAP for each country and region are bound to be 
different but there is an initiative by the GLOBALGAP organisation that aim is to establish 
ONE standard for Good Agricultural Practice (G.A.P.) with different product applications 
capable of fitting to the whole of global agriculture. The organisation is already operating in 
more than 100 countries worldwide (Garbutt 2011).  
 
MRLs are set through application of expert judgement or through the use of modelling and 
statistical methods. A recent review about estimation methods for MRLs for pesticides 
concluded that there are no universally applicable methods and expert judgement is 
required when setting MRL especially in data selection step (MacLachlan and Hamilton 
2010). It should be understood that MRLs are not limits safety , a food residue can have 
higher level than MRL but can still be safe for consumption. The information from supervised 
trials is evaluated by the risk assessment agency like EFSA in EU or JMPR for CODEX 
Alimentarius. The JMPR procedure is shown in Figure 2-2. Safety limits are assessed in 
comparison with acceptable daily intake (ADI) for long term exposure or acute reference 
dose (ARfD) for short term exposure. In case the MRL is not available the lowest limit of the 
analytical determination is set as the MRL.  In the EU it is 0.01mg/kg. MRLs are established 
according to legal requirements in most of the countries.  
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Figure 2-2: Procedure for setting MRLs by the Joint FAO/WHO Meeting on Pesticide Residues  
(Yang 2009) 
 
In developed regions like Europe the responsibility of the legislation is lead by the European 
Commission (EC) with input from the member states, EFSA and the Standing Committee on 
the Food Chain and Animal Health. In the US, the leading agency is Environmental Protection 
Agency (EPA) with input from the United States Department of Agriculture (USDA) and the 
Scientific Advisory Panel. MRL setting can be the responsibility of one or more authorities in 
a country and normally involves the health, agriculture and environmental agencies. MRL 
enforcement can be a responsibility of one or more agencies and may also depend on 
different food types, i.e. plant products may be in a separate agency from animal products. 
Where national or regional MRLs are not available, internationally recognised bodies such as 
the United Nations Codex Alimentarius Commission MRLs can be used as guidance. MRLs are 
generally published in open literature or websites of the regulatory bodies for public usage. 
MRLs may be exceeded because of pesticide misuse, false positives due to naturally 
occurring substances, differences in national MRLs, lack of registered pesticides and 
incorrect pesticide application (EFSA 2010). 
 
Accept national registered
Uses as GAP
Estimate likely residues (STMR)
And max residues (MRL) for GAP
Review pesticide toxicology
Estimate values for 
ADI and ARfD
RISK ASSESSMENT
Are the toxicology and dietary
intake of residues compatible ?
Set Codex MRL
GAP – Good Agriculture Practice
STMR – Supervised Trials Median Residue
MRL – Maximum Residue Limit
ADI – Acceptable  Daily Intake
ARfD – Acute Reference Dose
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The emerging trend is to harmonize MRL in each region or globally and is highly supported 
by international organisations such as FAO, WHO, CCPR and OECD. In the EU the MRLs are 
already harmonized as from the beginning of September 2008 under the new regulation EC 
No. 396/2005  (OECD 2010). The USA and Canada initiated the harmonization of pesticide 
registration under the North American Free Trade Agreement (NAFTA) in 1994. Canada is 
already using the EPA MRLs for food-use registrations except where the MRLs exceed 
0.1ppm (Crop Life 2010). Canada’s Pest Management Regulatory Agency (PMRA) and EPA’s 
Office of Pesticide Programs jointly released a spreadsheet for calculating MRLs named 
“NAFTA MRL Calculator”. The OECD also collaborated with NAFTA to develop its own MRL 
calculator that was launched in 2010 (EPA 2011). In developing regions like Africa, efforts 
were initiated under the Global MRL Harmonization Initiative – Africa Project that was 
supported by US Department of Agriculture – Foreign Service, IR-4 Project and USEPA. In the 
project it was summarised most of the African countries have adopted the CODEX MRLs. 
South Africa as an exception established some of its own in addition to the Codex MRLs 
(Anonymous 2009). The Association of South East Asian Nations (ASEAN) Ministers of 
Agriculture and Forestry adopted harmonized MRLs for pesticide residues in vegetables 
since 1998. The region adopted a total of 264 MRLs between 1998 and 2002 (ASEAN 2002). 
 
2.5 Monitoring of pesticide residues  
 
The purpose of pesticide monitoring programs is to ensure that residues in fruit and 
vegetables do not exceed maximum residue levels (MRLs) allowed by the country 
government. They ensure that there is no misuse of pesticides resulting in unexpected 
residues in food and that good agricultural practice (GAP) are maintained.  Some 
programmes, mostly in developing countries, are carried out due to the demands by 
international trade. The results from these monitoring programmes are also used by 
regulatory bodies for future developments in setting MRLs and risk assessment exercises for 
public health. In most countries, the monitoring programs are organised by a single agency 
designated as the competent authority. The agency designs a monitoring plan based on the 
previous data available from dietary consumption and risk assessment exercises or pesticide 
usage in the available fruits and vegetables. In the European Union (EU) there is a 
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coordinated programme from the European Commission (EC) for all the member countries 
to follow and the member states also have their national programs. The results are then 
published yearly as a single report by the European Food Safety Authority (EFSA 2009; EFSA 
2010).  
 
In the case of international trade, the monitoring plan is also influenced by the trading 
partners. For example, partners trading with the EU (normally referred to as third countries) 
have to incorporate EU standards to their food control programmes. In addition to 
monitoring, the agencies can engage in follow up sampling (enforcement actions) where 
some discrepancies had been observed. Laboratories carrying out pesticide residues analysis 
should be accredited or have started accreditation procedures to some quality standard. 
Pesticide legislation in developing countries is available  but there are challenges in 
implementation of the legislation (Ecobichon 2001). The challenges include lack of trained 
personnel to enforce laws and to monitor the use of pesticides and residue levels in food 
and the environment. However, pesticide monitoring in some developing countries with high 
agricultural output is driven by international trade. Failure to adhere to trade standards can 
result in a loss of revenue for the population supported by the affected agricultural industry. 
This can be illustrated by using the Kenya’s green bean farmers. These Kenyan bean farmers 
implemented developed country pesticide standards and are required by the UK retailers to 
show evidence of compliance with UK pesticide legislation (Okello and Swinton 2010). In the 
same study, it was also noted that since the 1990s the arrangement saw Kenya becoming 
the leader of ACP countries in green bean production and supplier to developing countries. 
This also saw the benefits of reduced pesticide related cost of illnesses and incidences of 
acute symptoms of pesticide exposure in monitored farmers than compared to unmonitored 
farmers. This was attributed to the education the farmers received about the use and 
handling of pesticides as well as adhering to protective measures. 
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2.6 Fruits and vegetable processing 
 
Fruits and vegetables are generally perishable by nature. This can lead to substantial losses 
to both farmers and consumers. The main objective of processing fruits and vegetables is to 
supply wholesome, safe, nutritious and acceptable food to the consumers throughout the 
year (FAO 1995). Food processing refers to those methods and techniques that are applied 
to raw ingredients to transform them into a consumable form. Food processing also includes 
basic raw material preparation such as washing, removing contaminants and foreign bodies 
as well as peeling and trimming (removing non-consumable parts of the raw agricultural 
commodity). Processing can be carried out at ambient-temperature, by application of heat 
and by cooling/refridgeration. These three categories of processing will be discussed below 
with reference to their application in fruits and vegetables. Emphasis in this work will be 
given to those food processing techniques identified during a review on effects of food 
processing on pesticide residues in fruits and vegetables (Keikotlhaile et al. 2010). The 
processing techniques identified were: baking, blanching, boiling, canning, frying, juicing, 
peeling and washing. 
2.6.1 Ambient-temperature processing techniques 
2.6.1.1 Washing 
Washing is an important step normally carried out after removing the most spoiled fruits 
and vegetables from the harvest. Washing removes soil, micro-organisms and chemical 
residues from the fruits and vegetables. Washing can be done by immersion and spraying or 
showering. Washing is usually carried out using water or water mixed with some sanitizers 
like 1.5% hydrochloric acid solution. Sometimes warm water can be used (about 50°C) in the 
pre-washing phase of industrial operations. However, caution should be exercised in using 
warm water since it can accelerate chemical and microbial degradation if further processing 
is delayed  (Fellows 2000). At household level, washing is carried out mostly under running 
tap water while swirling the strainer or colander for a few seconds.  
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2.6.1.2 Peeling 
Peeling removes those unwanted or indigestible parts of fruits and vegetables mainly the 
skin or outer leaves. It can be done mechanically by knife or abrasion and flash steaming or 
chemically by caustic soda at high temperatures (90 – 100°C). In home processing the 
common method is knife peeling or using other hand held devices like potato peelers. The 
other types of peeling are common in industrial establishments. 
2.6.1.3 Juicing 
Juicing of fruits and vegetables after cleaning steps is done by crushing, grinding or 
disintegration depending on the type of product being processed. In industrial production, 
the above steps are usually followed by enzyme treatment, heating, pressing, juice 
clarification and filtration. In home processing the crushing steps are followed by pressing to 
extract the juice. With the availability of home processing units, these steps can be 
combined and the juice be obtained immediately. 
2.6.2 Processing by application of heat  
2.6.2.1 Blanching 
Blanching is a process whereby vegetables and some fruits are immersed for a short time in 
hot water (~100°C) to inactivate enzymes. Blanching time differs according to fruits and 
vegetables since they have different properties such as size, shape, heat conductivity and 
composition of enzymes (FAO 1995). Steam can also be used for blanching instead of water 
especially in industrial settings.  
 
2.6.2.2 Boiling 
Boiling involves cooking the food in boiling liquid, mainly water even though stock or milk 
can be used. The food is cooked until soft when pierced with a knife or skewer. It is the 
common method that is used in home processing for most vegetables.  
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2.6.2.3 Baking and roasting 
Baking and roasting are the same operations since the food is cooked in a closed 
environment surrounded by heated air. Heat is supplied to the surface of the food by 
combination of infrared radiation from the oven walls, by convention from the circulating air 
and by conduction through the tray or pan containing the food (Fellows 2000). Conduction 
of the heat through baking and roasting pan increases the rate of baking compared to the 
surface. 
2.6.2.4 Frying 
Frying involves cooking the food in hot oil. The oil may cover the food (deep frying) or not 
cover the food (shallow frying, stir frying). The cooking temperatures can be in the range of 
190 – 270°C. The cooking time depends on the food being fried. 
2.6.2.5 Canning 
The food is cooked and enclosed in a glass or metal container. Canning involves most of the 
other types of processing described in the previous sections. The process can be applied at 
home but it is more common at industrial operations. An example of canning processes for 
selected products is shown in figure 2-3. 
 
Figure 2-3: Heat treatment processes in a pilot plant (Chavarri et al, 2005) 
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2.6.2.6 Microwaving 
Microwaving cooking uses dielectric energy (microwave and radio frequency) to heat the 
food. The energy is transmitted as waves that penetrate the food and are absorbed and 
converted to heat. Dielectric energy induces molecular friction in water molecules present in 
the food to produce heat (Fellows 2000).The increase in temperature of the water molecules 
heats the surrounding components of the food by conduction and /or convection. The depth 
of penetration into the food is directly related to the frequency, the lower the frequency the 
more it penetrates the food. 
2.6.2.7 Steaming 
Steam cooking involves cooking the food over boiling water until soft or ready. The cooking 
time depends on the food being cooked. Vegetables like broccoli can be steamed for 
15minutes. 
2.6.3 Processing by removal of heat 
Processing by removal of heat mainly refers to chilling and freezing. Chilling is when the food 
is cooled down to a temperature of between -1°C and 8°C. Freezing refers to cooling the 
food below its freezing point and the water contained in the food turns into ice. These 
processes are used mainly for the preservation before and after carrying out other 
processing techniques. These processes result in small changes to nutritional and sensory 
quality of the food. 
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2.6.4 Advantages and disadvantages of processing 
The advantages and disadvantages of food processing are shown in Table 2-2. 
Table 2- 2: Advantages and disadvantages of food processing (van Boekel et al. 2010) 
Advantages Disadvantages 
1. Destruction or inactivation of food-borne 
pathogens, natural toxins and enzymes 
2. Removal of unwanted residues 
3.  Extension of  shelf – life of the harvest 
4. Improvement of digestibility and 
bioavailability of nutrients 
5. Improvement of sensory quality 
6. Enhancement of convenience: ready to 
eat and semi prepared food 
7. Diversity: all year supply of seasonal food 
products 
1. Loss of certain nutrients due to chemical 
reactions 
2. Formation of undesired compounds e,g 
acrylamide, ethylene thiourea. 
3. Loss of sensory quality like texture and 
discolouration 
4. Additives required with some processes 
 
2.6.5 Effects of food processing and pesticides residues 
2.6.5.1 Washing 
The effects of washing on pesticide residues in plant products were summarized in a review 
by Holland et al. (1994). The washing was performed on various fruits and vegetables using 
water and some detergents. The pesticide residues studied on the reviewed literature 
showed reduction that ranged from 0 to 90%. The effectiveness of washing was said to 
depend on the location of the residue, age, water solubility, temperature and the type of 
washing. 
2.6.5.2 Peeling 
In the same review, peeling and trimming of fruits and vegetables were shown to 
significantly or completely remove pesticide residues except for systemic pesticides (Holland 
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et al. 1994). It was demonstrated systemic disystron in potatoes was reduced by 35% after 
peeling process while non systemic chlorpyrifos was completely removed after peeling. 
Another study described the peeling of mandarins containing fenoxycarb, flufenoxuron, 
lufenuron and pyriproxyfen resulted in 100% pesticide residue reduction. Peeling potatoes 
containing metalaxyl (systemic fungicide) only resulted in 11% reduction (Lopez-Perez 2006). 
2.6.5.3 Juicing 
The effects of juicing on fruits and vegetables were found to depend on the preparation 
method before juicing (Holland et al. 1994). An apple juice from a peeled and cored apple 
contained less pesticide residues than the juice from a whole apple. The other influencing 
factor was mentioned to be the partitioning properties of the pesticide between the 
fruit/pulp and the juice. The highly lipophilic pesticide were found to be retained in the pulp 
or pomace after juice making. Concentration of the juices by removing moisture was also 
said to result in concentration of the pesticide residues. 
2.6.5.4 Blanching 
Blanching of tomatoes and asparagus containing chlorpyrifos had a reduction of 20 and 38 
respectively. Profenos was reduced by 89% in sweet peppers and 100% in egg plant (Radwan 
2005). Other studies by Elkins (1989) indicated that malathion and carbaryl present in green 
beans were reduced by 71 and 68% respectively while cabaryl in broccoli was reduced by 
21%. 
2.6.5.5 Boiling 
The effects of boiling were said to depend on the time, temperature, degree of moisture loss 
and whether the system is close. The rates of degradation and volatilisation of residue were 
said to be increased by the heat involved in cooking. Losses of heat stable compounds were 
expected to be low or increase because of moisture loss during cooking. Boiling of fruits and 
vegetables in studies reviewed by Holland et al. (1994) showed a reduction of pesticides 
ranging from 0 to 100%. 
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2.6.5.6 Baking and roasting 
Byrne et al. (2004) investigated the effects of baking on chlorpyrifos and 3,5,6-trichloro-2-
pyridinol on apples, cherries, sweet potatoes, peppers and winter squash. Chlorpyrifos was 
reduced in apples (39%), peppers (30%), sweet potatoes (76%) and winter squash (98%). 
However other samples in the same studies showed some increases: winter squash (70%), 
pepper (17%). For chlorpyrifos metabolite, 3,5,6-trichloro-2-pyridinol the increase was 
shown apples (60%), cherries (10%) and sweet potatoes (90%). 
2.6.5.7 Frying 
Radwan (2005) investigated the changes in concentration of profenos residues in hot 
peppers, sweet peppers and eggplant during frying. The reduction for sweet peppers and 
eggplant was 100% and that for hot peppers was 98%.  Potatoes contaminated with 
pesticides showed the following reductions after frying: HCB (35%), lindane (30%) and 
dimethoate (53%) and pirimiphos-methyl (50%). Stir-frying of a cabbage spiked with 
pesticides resulted in the following reductions: chlorpyrifos (87%), cypermethrin (85%) and 
Chlorothalonil (85%). 
2.6.5.8 Canning 
The studies on effects of canning on pesticide residues in peaches used for baby food by 
Balinova et al. (2006) showed a reduction of chlorpyrifos-methyl (65%), fenitrothion (63%), 
procymidone (25%) and an increase for vinclozolin (14%). Another study conducted by Byrne 
(2004) on chlorpyrifos in apples showed a reduction of 34% and an increase of 3,5,6-
trichloro-2-pyridinol (chlorpyrifos metabolite). In winter squash chlorpyrifos was reduced by 
88% while 3,5,6-trichloro-2-pyridinol increased by 38%. Canning of tomatoes containing 
cypermethrin showed a reduction of 40 and 70%. The residue concentration in canned foods 
is said to be governed by dilution (e.g. fruits and vegetables) or concentration (e.g. tomato 
paste and thermal processes (Timme and Walz-Tylla 2004).  
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2.7 Risk Assessment 
 
Risk assessment of chemicals is described as a process intended to calculate or estimate the 
risk to a given target organism, system or (sub) population, including identification of 
attendant uncertainties, following exposure to a particular agent taking into account the 
inherent characteristics of the agent of concern as well as the characteristics of the specific 
target system (OECD 2003). The risk assessment process includes four steps: hazard 
identification, hazard characterisation (dose-response assessment), exposure assessment 
and risk characterisation (figure 2-4). In that context the risk assessment of pesticide 
residues in fruits and vegetables is tackled. 
 
 
 
Figure 2-4: Risk assessment steps (EPA 1999) 
 
 
 
Hazard Identification
What health effects can be
caused by the pesticide
residues? E.g carcinogenicity,
reproductive and development
effects.
Exposure Assessment
Estimating dietary intake of
pesticides from consumption
of fruits and vegetables.
Hazard Characterisation
Evaluation of toxicological
data and setting the
NOAEL, ADI and ARfD.
Risk Characterisation
Comparison of the exposure
with ADI and ARfD of the
concerned pesticide.
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2.7.1 Hazard identification 
 
Hazard identification is the first step in risk assessment and it involves the identification of 
the type and the nature of adverse effects that an agent has as inherent capacity to cause in 
an organism, system or (sub) population (OECD 2003). Recent regulations require hazard 
identification to be performed before a pesticide can be approved for usage in agriculture or 
other areas. Therefore the information on hazards posed by pesticides is readily available 
from the pesticide registering bodies and on their websites for public usage. Most of the 
information is also available from international organisations such as JMPR, OECD and EU. 
The hazards that have been identified concerning pesticides include neuro-developmental 
delays, immune system, cancer and respiratory distress  (Gilden, Huffling, & Sattler 2010; 
Ritter, Goushleff, Arbuckle, Cole, & Raizenne 2006). Studies are carried out in test organisms 
(microbial, cells or animals) and the exposure level is increased until an adverse effect is 
produced. 
2.7.2 Hazard characterisation 
 
Hazard characterisation is the qualitative and, wherever possible, quantitative description of 
the inherent properties of an agent or situation having the potential to cause adverse 
effects. This should, wherever possible, include a dose response assessment and its 
attendant uncertainties (OECD 2003). The ADI is the estimate of the amount of a substance 
in food that can be ingested daily over a lifetime without health risk to the consumer (WHO 
1997). ADI is calculated by dividing the NOAEL for animal studies with an uncertainty factor 
of 100 to convert it to a safe level for humans. A factor 100 (10 x 10) is mostly used to 
account for species differences and individual variability in sensitivity to the chemicals 
(Renwick 2002). ARfD is the estimate of the amount of a substance in food that can be 
ingested over a short period of time, usually during one meal or one day, without 
appreciable health risk to the consumer (WHO 1997). 
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2.7.3 Exposure assessment 
 
Exposure assessment is the evaluation of the concentration or the amount of a particular 
agent that reaches a target organism, system or (sub) population in a specific frequency for 
defined duration (OECD 2003). In exposure assessment, the potential intake or consumption 
of pesticide residues is divided by the body weight and compared to ADI or ARfD.  
Exposure = {Concentration of pesticide residue (mg/kg) x Food consumed 
(kg/person/day)}/ body weight (kg) 
The input data used in exposure assessment comes from supervised field residue trials, 
national pesticide monitoring programs and food consumption surveys. The residue levels 
from pesticide monitoring programs might not cover the whole food supply but they are 
always available in most countries and they reflect samples available for consumers. 
However, targeted sampling data may over-estimate exposure because it is biased against 
suspect samples.  
2.7.3.1 Consumption data 
 
Food consumption data are essential components of dietary risk assessment. The data used 
depend upon the type of population being assessed: normal or vulnerable groups (YOPIs), 
children, special ethnic groups, geographical regions and the estimation of the quantity of 
food eaten. Food consumption data may be obtained during food supply surveys (food 
balance sheets), household inventories, household food use and individual food intake 
surveys (Hamilton et al. 2004). According to the EFSA guidance document on collection of 
food consumption data (EFSA 2009a), there are four types of dietary assessment methods, 
namely: diet history, food frequency questionnaire (FFQ), dietary records and dietary recall. 
In diet history, the history of the whole daily food intake of an individual and the usual meal 
pattern is assessed over a period of days, months and up to one year. FFQ involves asking 
the consumers to estimate the usual frequency of consumption during a specified time for 
the foods that are listed on the questionnaire. FFQs may be qualitative, semi-quantitative or 
quantitative (Kroes et al. 2002). Qualitative FFQs mostly obtain only the number of times 
each food on the check list is consumed during a specified time. In semi-quantitative FFQs, a 
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standard portion is estimated by the respondents or the researcher and the respondents 
indicate how often, on average, they consumed the specified amount. A quantitative FFQ 
allows the respondent to indicate the amount of food (in grams) consumed. In dietary 
records, the consumers record all the food including beverages before eating and also the 
leftovers after eating. The dietary records may be weighed or estimated from portion sizes 
described using portion size measurement aids such as photographs, food models and 
household measures commonly found in homes (Guthrie 1984). In most cases, the food is 
estimated but not weighed. Weighing can interfere with the normal eating habits of the 
respondents (EFSA 2009). Dietary recall involves asking the consumers to recall the actual 
food intake for the past 24 or 48 hours or previous days. The quantities are described using 
household measures, food models or photographs. The most common dietary recall method 
is the 24-hour recall. The methods that are suitable for both acute and chronic risk 
assessment are dietary records and dietary recall. 
 
 The most appropriate source is the one that measures actual consumption instead of 
available food supply. Average daily consumption is most used in exposure assessment 
calculations, however there are others such as percentile consumption values, average 
(weekly, monthly, etc) consumption and long term consumption habits. The latter is mostly 
important in calculating chronic exposure. In cases where national food consumption data 
are not available, food balance sheets from FAO can be used even though they might be too 
generalised (WHO 1997). 
2.7.3.2 Dietary exposure models 
 
Dietary intake exposure models are mainly conducted in deterministic and probabilistic 
assessment. Deterministic exposure assessment is based on single point estimate, usually 
the mean or worst case scenario (97.5 percentile). Probabilistic exposure assessment is 
based on the probability of occurrence of the risk and results in a distribution of risk values. 
Deterministic exposure is generally used as a low tier approach to determine whether there 
is a course for concern for the defined exposure. It is easy to perform and requires less time 
to complete. The disadvantage is that it gives single estimate of the risk and does not give an 
insight of other possible risks for lower levels. Therefore it does not contain information 
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about variability in potential exposure to the exposed population. Since deterministic 
models give an over-estimated exposure assessment by assuming all time consumption of 
higher concentration of the pesticide a more realistic approach of probabilistic assessment is 
preferred when resources allow. 
 
Deterministic exposure assessment 
Deterministic exposure can be performed for both chronic and acute dietary intake.  For 
chronic dietary intake, some models have been outlined in the WHO guidelines for 
predicting dietary intake of pesticide residues (WHO 1997). The first is the Theoretical 
Maximum Daily Intake (TMDI) which uses MRLs to estimate the pesticide residue intake of 
the consumers. The TMDI is calculated by the established MRLs by the average daily 
consumption for each food commodity and summing up the products. 
 
TMDI = ∑ MRL x F 
Where: 
 MRL = Maximum Residue Limit for a given food commodity 
F = per capita consumption of that food commodity 
 
The TMDI is compared with ADI of the concerned pesticide calculated for a 60kg person and 
is expressed as a percentage of the ADI. It was acknowledged that the weight of individuals 
in different regions may differ significantly from 60kg. The TDMI is mostly used to separate 
those pesticides that need to be investigated further for long term effects from those that 
there should be no concern rather than concluding that the pesticide is unacceptable. That 
was based on consideration that most pesticide residue levels are well below the set MRLs. 
 
Secondly, is the International Estimated Daily Intake (IEDI) model that incorporates 
correction factors and is considered the “best estimate” of dietary intake because it refines 
the intake estimate. The correction factors include median residue levels from supervised 
trials, residue edible portion, effects of processing and cooking on residue levels and other 
known uses of the pesticide. The IEDI is calculated as follows: 
 IEDI = ∑STMR x E x P x F 
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Where: 
STMR = Supervised trials median residue level for a given food commodity, in mg/kg 
E = Edible portion factor for that food commodity 
P = Processing factor for that food commodity 
F = consumption of that food commodity 
 
If the IEDI exceeds the ADI, additional data are  required from the governments, industry and 
other sources for further considerations. When the ADI is still exceeded the concern about 
the dietary intake would become an issue for risk management for Codex Committee on 
Pesticide Residues (CCPR). 
 
Thirdly, is the National Theoretical Maximum Daily Intake (NTMDI) that uses the national 
MRL instead of Codex MRLs and incorporates factors available only at the national level. It is 
used as a screening tool for estimating dietary intake of pesticide residues and evaluating 
the acceptability of Codex MRL. NTMDI using the following formula: 
 NTMDI = ∑ MRL x F 
Where: 
 MRL = National Maximum Residue Limit for a given food commodity, in mg/kg 
F =  National consumption of that food commodity per person 
 
The fourth is the National Estimated Daily Intake (NEDI) that represents a refinement of the 
IEDI. The factors to be considered during the refinement of the estimates are a proportion of 
the crop or commodity treated, a proportion of the crop or commodity produced 
domestically or imported, monitoring and surveillance data, total diet (market basket) 
studies and food consumption data including for subgroups of the population. 
 
Other method that is not described in the WHO guidelines for prediction of dietary intake 
(WHO 1997) is the chronic exposure Dietary Exposure Evaluation Model (DEEMTM) software 
that is used by the US EPA and the California Department of Pesticide. The software can also 
perform acute dietary intake. The software requires data sets of food consumption and 
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residue analysis data. The food consumption for the US population is already included in the 
software. 
 
For acute intake assessments the deterministic models used are the International Estimated 
Short-Term Intake (IESTI) and the National Estimated Short-Term Intake (NESTI). JMPR 
(1999) described the three cases that could be considered while calculating IESTI. These 
values are expressed as a percentage of ARfD. The cases are described below: 
 
International Estimated Short-Term Intake (IESTI) 
Case 1* 
When the residue in a composite sample reflects the residue level in a meal sized-portion of 
the commodity (unit weight of the whole portion below 25g): 
 
IESTI = LP x (HR or HR-P)/ bw 
 
Case 2* 
When the meal sized portion have a greater value than the composite sample (more than 
25g) the variability factors are applied according to the size of the portion. For unit weight of 
whole portion more than 250g the variability factor of 5 is used, for portion equal or less 
than 250g the variability of 7 is used and for leafy vegetables with unit weight less than or 
equal 250g the variability of 10 is used. 
Case 2a* 
Where the unit weight of the whole portion is lower than the highest large portion reported: 
IESTI = {U x (HR or HR-P) x v + (LP-U) x (STMR or STMR-P)}/ bw 
 
Case 2b* 
Where the unit weight of the whole portion is higher than the highest large portion: 
 
IESTI = { LP x (HR or HR-P) x v}/bw  
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Case 3* 
For a processed commodity where the bulking or blending means that the STMR-P 
represents the highest likely residue: 
 
IESTI = LP x STMR-P/bw 
 
*In the 3 cases the abbreviations stands for: 
LP = Highest large portion reported (97.5th percentile of consumers), in kg food/day 
HR = Highest residue in composite sample of edible portion found in the supervised trials 
used for estimating the MRL, in mg/kg 
HR-P = Highest residue in a processed commodity, in mg/kg, calculated by multiplying the HR 
in the raw commodity by the processing factor 
bw =  Body weight in kg, provided by the country from which the LP was reported 
U = Unit weight of the edible portion, in kg, provided by the country where the trials which 
gave the highest residue were carried out. 
v = Variability factor 
STMR = supervised trials median residue, in mg/kg 
STMR – P = Supervised trials median residue in processed commodity, in mg/kg 
 
Probabilistic assessment 
Probabilistic assessment is based on simulations of potential exposures using computer 
software and allows more inputs to come up with the final exposure. Most of these 
distributional models are based on Monte Carlo simulations and are referred to as Monte 
Carlo models (Hamilton et al.2004) These distributional models provide a range of risks 
throughout the population distribution and provide quantitative information about 
variability and uncertainty. The disadvantage is that they require time and resources for 
additional data generation. A brief overview is outlined by Hamilton et al. (2004).  
 
Cumulative risk assessment 
Since the 1990s it was acknowledged that humans are exposed to more than one chemical 
at the same time and that can have different effects compared to the effect of a single 
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chemical. The combined exposure to humans can have toxicological effects in the form of 
dose addition, response addition or interaction either synergistic or antagonistic (EFSA 
2008). Currently, there is no internationally agreed methodology to assess risks from two or 
more chemicals. However, some recent studies focused more on the possibility on pesticides 
having dose-additive impact. The methods that were considered are hazard index the (HI) 
and the adjusted hazard index (aHI), the reference point index (RfPI), the combined margin 
of exposure (MOE), the cumulative risk index (CRI), the toxic equivalence factor (TEF) and 
the relative potency factor (RPF). The calculations are shown below: 
 
Hazard index the (HI) 
HI = Exp1/RV1 + Exp2/RV2 + Exp3/RV3 ... 
Where   
Exp = exposure of the concerned chemical  
RV = reference value 
 
Reference point index (RfPI) 
RfPI = Exp1/RfP1 + Exp2/RfP2 + Exp3/RfP3 ... 
Where  
RfP  = reference point for the relevant effect( BMD10 or the NOAEL) 
 
Combined margin of exposure (MOE) 
MOE = BMD10 / Exposure 
Where  
BMD10 = bench mark dose that causes 10% effect 
 
Cumulative risk index (CRI) 
CRI =  1 /  (Exp1/RV1 + Exp2/RV2 + Exp3/RV2...) 
Where   
Exp = exposure of the concerned chemical  
RV = reference value 
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Toxic equivalence factor (TEF) and relative potency factor (RPF) 
TEF / RPF =  NOAEL(index) / NOAEL(compound) or BMD10 (index) / BMD10(compound) 
 
The TEF and the RPF have similar approach but the difference is in the selection of 
cumulative risk assessment group. The TEF is applied to group of substances with a strong 
degree of toxicological similarity in endpoints and exposure routes while the RPF to 
situations where the mode of action appears to be similar but the exact mechanism is 
complex and may not be known in details (EPA 2000b). 
 
Genotoxic and carcinogenic exposure 
Exposure of genotoxic and carcinogenic substances is undesirable in humans because there 
may be a risk associated with even very low amounts if they are consumed regularly. The 
substances have potential to directly interact with the genetic material (DNA) and cause 
cancer. Recently EFSA recommended using the MOE approach for assessing the risk of these 
compounds (EFSA 2005). The method uses benchmark dose (BMD) as a standardised 
reference point. 
MOE = BMD10 / Exposure 
Where  
BMD10 = bench mark dose that causes 10% effect 
 
The EFSA concluded that an MOE of 10 000 or higher when calculated using BMDL10 from 
animal studies would be of low concern from a public health point of view but the final 
judgement depends on the risk managers when considering additional information available. 
 
The EPA developed another method using conservative models to estimate the cancer 
potency in humans, the Q star or Q*. The Q* is the upper 95% confidence interval of the 
slope of the dose – response curve obtained from the models (NRC 1987) to determine the 
dietary oncogenic risk. The Q* is multiplied by the residue exposure to calculate the cancer 
risk. The cancer risk is expressed as a probability and the acceptable limit for EPA is 1 x 10-6.  
The EPA releases a list of suspected carcinogens and their Q* annually. 
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Dietary oncogenic risk = residue exposure x Q* 
 
2.7.4 Risk characterisation 
 
Risk characterisation is the qualitative and, wherever possible, quantitative determination, 
including attendant uncertainties, of the probability of occurrence of known and potential 
adverse effects of an agent in a given organism, system or (sub) population, under defined 
exposure conditions (OECD 2003).  The potential risk is described based on the assessment 
end points such as the ADI for chronic intake and ARfD for acute intake. If the risk is higher 
than these assessment endpoints, the dietary exposure estimate can be checked and refined 
to ensure that the best use has been made of all the available data (Travis 2004). If the risk is 
still higher the risk management options are recommended to mitigate the risk.  
 
Prior pesticide approval, the National Theoretical Maximum Daily Intake is used to estimate 
the risk of a pesticide for chronic intake and is compared with the ADI. For acute intake, the 
NESTI is used and is compared with the ARfD. Post registration of the pesticide, the residue 
levels detected in routine surveillance programs are used to calculate the exposure instead 
of the MRL.  The NEDI and the NESTI would now reflect the actual situation for the 
concerned country. 
 
2.8 Risk assessment of pesticides in fruits and vegetables 
 
Governments and researchers have carried out pesticide risk assessment in food in order to 
assure food safety to the consumers. In many countries, pesticide monitoring programmes 
are conducted to investigate compliance with MRLs, however the same results can also be 
used in risk assessments. Such is the case in EU coordinated surveillance programme. In 
2007, 61 982 fruits and vegetable samples were analysed and 95,8% were compliant with 
the MRLs and 4.19% exceeded the MRLs (EFSA 2009c). The samples included imported fruits 
and vegetables. In 2008, a total of 11610 samples were analysed, 62% had no measurable 
residues while 35.7% were less than the MRL and 2.2% exceeded the MRL (EFSA 2010). 
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Since it was established by the FAO and WHO in 1963,  the JMPR has conducted regular 
safety evaluations of pesticide residues in food including fruits and vegetables. The reports 
which contain the reference end points are available for international usage by consumers.  
EFSA also carries out risk assessment for EU region depending on the safety requirements of 
the region or new toxicological findings that may cause concern. 
 
In Belgium pesticide residues risk assessment studies were conducted in market samples by 
the Ghent University Crop Protection Department (Dejonckheere 1996). The exposures were 
less than the ADI values with bromide and dithiocarbamates exceeding 1% ADI, 1.6 and 1.9% 
respectively. Another Belgian study on exposure of pesticide residues through fruits and 
vegetable consumption was conducted by Claeys et al. (2008) recently. The study used 
residues data from monitoring programme and both deterministic and probabilistic 
assessment were carried out. For the deterministic approach, both average and 97.5th 
percentile consumption assessment were done and the pesticide residue intake did not 
exceed the ADI. The highest exposure was for the 97.5 percentile consumption of imazalil at 
23.6% of the ADI. Probabilistic analysis for the selected pesticides (chlorpropharm, imazalil, 
dimethoate) showed that the exposures were lower than the ADI except for consumption of 
chlorpropham in potatoes at 99.9 (110% ADI) and 99.99(120% ADI) percentiles. However, it 
was concluded that the values were lower than the ARfD and did not pose acute exposure 
risks. 
Cumulative risk assessment of organophosphates and carbamates pesticide residues has 
been carried out in fruits and vegetables (Jensen, 2003; Boon 2008). Jensen (2003) used the 
TEF method to calculate to calculate the cumulative risks   of organophosphates and 
carbamates using chlorpyrifos and methamidophos as index compounds. A deterministic 
approach was used for both acute and chronic estimates. Both the ADI and ARfD of the index 
compounds were not exceeded. Boon (2008) estimated the acute cumulative exposure of 
the Dutch population using the RPF approach with acephate and oxamyl as index 
compounds. The exposure was calculated using probabilistic method. The results showed 
that the ARfD for the index compounds was not exceeded for the general population except 
for the sub-group of children with 114% ARfD acephate equivalents. 
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CHAPTER 3: LITERATURE REVIEW  OF EFFECTS OF FOOD 
PROCESSING ON PESTICIDE RESIDUES IN FRUITS AND 
VEGETABLES 
 
This chapter has been compiled from: 
Keikotlhaile B. M., Spanoghe P., Steurbaut W., 2010. Effects of food processing on pesticide 
residues in fruits and vegetables: a meta-analysis approach. Food and Chemical Toxicology 
48, 1-6. 
 
ABSTRACT 
Pesticides are widely used in food production to increase food security despite the fact that 
they can have negative health effects on consumers. Pesticide residues have been found in 
various fruits and vegetables; both raw and processed. One of the most common routes of 
pesticide exposure in consumers is via food consumption. Most foods are consumed after 
passing through various culinary and processing treatments.  A few literature reviews have 
indicated the general trend of reduction or concentration of pesticide residues by certain 
methods of food processing for a particular active ingredient. However, no review has 
focused on combining the obtained results from different studies on different active 
ingredients with differences in experimental designs, analysts and analysis equipment. In 
this paper we present a meta-analysis of response ratios as a possible method of combining 
and quantifying effects of food processing on pesticide residue levels. Reduction of residue 
levels was indicated by blanching, boiling, canning, frying, juicing, peeling and washing of 
fruits and vegetables with an average response ratio ranging from 0.10 to 0.82. Baking, 
boiling, canning and juicing indicated both reduction and increases for the 95 and 99.5% 
confidence intervals. 
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3.1  Introduction 
 
Pesticide residues in fruits and vegetables are a major concern to consumers due to their 
negative health effects ( ). They have been found in both raw and processed fresh produce. 
However, food processing techniques have been found to significantly reduce the pesticide 
residues in fruits and vegetables in several studies (Chavarri et al. 2005;Dejonckheere et al. 
1996b;Elkins 1989;Krol et al. 2000;Schattenberg et al. 1996).  The techniques used in the 
studies focused on commercial or home processing of fruits and vegetables and they 
included washing, blanching, peeling, pureeing, cooking, roasting, frying and boiling.  
 
The effects of food processing on pesticide residues have been extensively reviewed by 
researchers such as Holland et al ( 1994) and Kaushik et al ( 2009). These authors established 
that there was reduction of pesticide residue levels due to processing techniques in most of 
the food materials except where the material was concentrated like in juicing of fruits and 
pressing or extraction of oil from vegetable seeds. These authors suggested that the effects 
of food processing on pesticide residue levels may be influenced by the physical location of 
the pesticide residue as well as the physico-chemical properties of the pesticide such as 
solubility, volatility, hydrolytic rate constants, water-octanol partition coefficient and 
thermal degradation. These reviews did however not attempt to quantitatively summarise 
the effects according to processing type or food group by combining results from different 
researchers. In this paper, a systematic review involving statistical analysis and combination 
of results of effects of food processing on pesticide residues using meta-analysis is 
presented. 
 
Meta-analysis is a statistical method that quantitatively summarises the combined 
magnitude and significance of the effect under study by independent experiments (Arnqvist 
and Wooster 1995;Gurevitch and Hedges 1999). This method has been used over the years 
in many areas such as behavioural, medical and social sciences (Hedges et al. 1999). The 
meta-analysis methods that have been used in calculating the effect size for experimental 
studies are mainly; Hedges´ d index, response ratio and a model based on item response 
theory (Lajeunesse and Forbes 2003). Our investigation focuses on  a method of response 
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ratio as described by Hedges et al ( 1999). Response ratio is the  measured quantity in 
treated samples divided by  untreated samples and quantifies the proportional change 
(Hedges, Gurevitch, & Curtis 1999). This method is applied to the effects of various food 
processing techniques on pesticide residues in fruits and vegetables. The advantages of this 
method over narrative reviews is that it provides statistical confidence intervals for the 
summary of the effects and the quantification of between experiments variation that may be 
useful in the interpretation of the findings. 
 
3.2 Materials and methods 
3.2.1  Literature search 
 
A literature search on effects of food processing on pesticide residues in fruits and 
vegetables was carried out on the ISI Web of Knowledge database. The following 
combination of keywords were used for the search; pesticide*, food, processing; pesticide*, 
processing, effects; pesticide*, processing, fruits; pesticide*, processing, vegetables. Only 
the articles in open literature relevant to our work were retrieved. Reference sections of the 
articles that were retrieved were used to find more studies that might have been missed out 
during the search.  
 
3.2.2 Data collection and inclusion criteria 
 
Information from the articles was entered in a Microsoft Excel spreadsheet. The information 
extracted included food processing technique, active ingredient, pesticide formulation type, 
matrix, pre- and post-processing pesticide residue concentration, standard deviation (SD) 
and the number of samples (n). Where raw data was available, the average pre- and post-
processing pesticide residue concentration and the standard deviation were calculated. Only 
data from the studies with at least two samples and available standard deviation was used in 
meta-analysis calculations. 
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3.2.3 Meta-analysis calculations 
 
Meta-analysis of response ratios was used as described in Hedges et al (1999). The response 
ratio (R), mean pesticide concentration after processing (Xpro)/mean pesticide concentration 
before processing (Xunpro), was calculated for every experiment. The response ratio was 
expressed in natural logarithm, L=ln R, to assume a linear relationship between the changes 
in the numerator and the changes denominator. The sampling variation, within experiment 
variance (V), in every study was calculated as 
V = (SDpro)
 2/n (Xpro)
 2 + (SDunpro)
 2/n (Xunpro)
 2 
A mixed effect model of meta-analysis was preferred since the data originated from 
different studies, areas, experimental conditions and was analyzed by independent 
personnel.  The assumption was also checked by calculating a homogeneity test, Q-statistic, 
as 
Q= ∑Wi(L)
2 – (∑WiLi)
2/∑Wi 
Where Wi = 1/Vi 
The significance level was tested at α=0.05 and 0.001 of the X2-distribution at k-1 degrees of 
freedom, where k is the number of experiments. Q-statistic has an X2-distribution with k-1 
degrees of freedom. Q-statistic is used to test the statistical significance of the between 
experiments variation. Q-statistic value  higher than the critical point at significance level (α) 
allows the analyst to reject the null hypothesis that there is no significant variation and 
conclude that the between experiments variation is statistically significant. The variance 
between individual experiments (non-sampling variation) is referred to as σ2. The between 
experiment variation is influenced by various characteristics in different studies such as 
variation in samples, treatments and the design quality (Field 2003). The σ2 is derived from 
the Q-statistic. The variance between individual experiments (non-sampling variation), σ2, 
was estimated by 
σ2= Q – (k – 1)/ ,∑Wi – (∑Wi
2/∑Wi)} 
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After the calculation of the between experiments variance, the individual studies are 
weighted by giving greater weight to experiments whose estimates have a greater statistical 
precision (smaller standard error). That increases the precision of the combined estimates. 
Then the weighted mean log response ratio (L*) was calculated as: 
 
L*= ∑Wi*Li/ ∑Wi* 
Where Wi*=1/(Vi +σ
2), the reciprocal of the total variance. 
The standard error (SE) of the weighted mean was calculated by  
SE(L*)= *(1/∑Wj*),1 +4∑1/df(Wi*/Wi)
2(Wi**(∑Wj*) – Wi*+/(∑Wj*)
2]1/2 
Where df = 2n-2 (degrees of freedom including both unprocessed and processed samples). 
The confidence interval for the average log response ratio was determined as   
L* - zα/2 SE (L*) ≤ L ≤ L* +  zα/2SE(L*) 
Where zα/2 is the 100(1 – α/2) % point of the standard normal distribution 
The weighted mean response ratio (R*) was given by taking the antilogarithms. 
3.3 Results 
 
3.3.1 Literature search and data collection 
 
A database search for literature on effects of processing techniques on pesticide residues 
found 83 articles out of which 33 were retained because they contained relevant 
information for our investigation. These publications contained quantitative information 
about effects of food processing techniques on pesticide residues in fruits and vegetables. 
Summary of the selected publications is listed in Table 3-1 and details of pesticide and 
frequencies are shown in Appendix A. The studies ranged from one pesticide investigation in 
one type of vegetable or fruit to a few fruits and vegetables covering one or more processing 
techniques. 
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Table 3-1: Summary of studies dealing with effects of food processing on pesticide residues 
Reference Processing  Commodity Active Ingredient 
Abou-Arab ( 1999) Canning Tomatoes HCB 
  Juicing   Lindane 
  Peeling   p,p-DDT 
  Washing   Dimethoate 
      Profenos 
      Pirimiphos-methyl 
Abou-Arab et al.( 2001) Boiling Spearmint, caraway, anise, Lindane 
    chamomile, karkade Profenos 
      DDT 
      Pirimiphos-methyl 
      Endrin 
Angioni  et al. ( 2007) Washing Strawberries Azoxystrobin 
      Fenhexamid 
      Pyrimethanil 
    
Balinova et al. ( 2006) Canning Peaches 
Chlorpyrifos-
methyl 
  Peeling   Fenitrothion 
  Washing   Procymidone 
      Vinclozolin 
Boulaid et al. ( 2005) Boiling Tomatoes Pyrifenox 
  Peeling   Pyridaben 
  Washing   Tralomethrin 
Burchat et al. ( 1998) Juicing Carrots, tomatoes Carbofuran 
  Washing   Cypermethrin 
      Diazinon 
      Endosulfan 
      Parathion 
      Captan 
      Iprodione 
      Mancozeb 
      Metalaxyl 
Byrne et al. ( 2004) Baking Apples, cherries, peppers Chlorpyrifos 
  Boiling winter squash, sweet potatoes 3,5,6-Trichloro- 
  Canning broccoli, cabbage, green beans, 2-pyridinol 
  Juicing peaches, oranges   
Cabras et al.( 1998) Washing Grapes Benalaxyl 
      Dimethoate 
      Iprodione 
      Metalaxyl 
      Phosalone 
      Procymidone 
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Reference Processing  Commodity Active Ingredient 
      Vinclozolin 
Chavarri et al. ( 2004) Blanching 
Tomatoes, asparagus, 
artichoke, Lindane 
  Canning peppers, peaches Chlorpyrifos 
  Peeling   Cypermethrin 
  Washing   Acephate 
Chavarri et al. ( 2005) Blanching Asparagus, tomatoes, spinach, Chlorpyrifos 
  Canning peppers, peaches Cypermethrin 
  Peeling   Ethylenebisdithio- 
  Washing   carbamates 
  Washing plus     
Christensen et al.( 2003) Boiling Strawberries Pyrimethanil 
  Washing   Fenhexamid 
      Tolylfluanid 
    
    Dejonckheere et al.  
( 1996b) Washing Lettuce Vinclozolin 
      Parathion 
      Propamocarb 
Elkins ( 1989) blanching Green beans, spinach , broccoli, Malathion 
  Canning tomatoes, oranges, apples Parathion 
  Juicing   Carbaryl 
  Peeling   Diazinon 
  Washing   Benomyl 
Fernández-Cruz et al.( 2004) Boiling Kaki fruit Fenitrothion 
  Peeling     
Hercegova et al( 2007) Boiling Apples Pyrimethanil 
      Fluquinconazole 
      Tetraconazole 
      Tolylfluanid 
Hwang et al.( 2002) Juicing Apples Mancozeb 
  Washing   Ethylenethiourea 
Kontou et al. ( 2004) Boiling Tomatoes Maneb 
      Ethylenethiourea 
Lin et al. ( 2005) Canning Tomatoes Cypermethrin 
Lόpez-Pérez et al. ( 2006) Peeling Potatoes Metalaxyl 
Nagayama ( 1996) Boiling Spinach, strawberries, oranges Cyanofenphos 
  Frying grapefruit Prothiophos 
  Washing   Dialifos 
      Isoxanthion 
      Fenitrothion 
      Methidathion 
      Mecarbam 
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Reference Processing  Commodity Active Ingredient 
      Piridaphenthion 
      Ethion 
Paradjikovic et al.( 2004) Peeling Cucumber Procymidone 
  Washing   Vinclozolin 
Paya  et al.( 2007) Canning Apricot, mandarin Fenoxycarb 
  Peeling   Pyriproxyfen 
  Washing   Flufenoxuron 
      Lufenuron 
Poulsen et al. ( 2007) Washing Grapes Iprodione 
      Procymidone 
      Dithiocarbamates 
Pugliese et al. ( 2004) Washing Nectarines Chlorpyrifos 
      Fenarimol 
      Iprodione 
      Malathion 
      Methidathion 
      Myclobutanil 
      Parathion methyl 
      Pirimicarb 
Radwan et al. ( 2005) Blanching Sweet peppers, eggplant, Profenos 
  Frying hot peppers   
  Washing     
Randhawa et al. ( 2007) Boiling Spinach, cauliflower, potato, Chlorpyrifos 
  Peeling egg plant, tomatoes, okra, 3,5,6-Trichloro- 
  Washing   2-pyridinol 
Rasmusssen et al. ( 2003) Boiling Apples Chlorpyrifos 
  Washing   Cypermethrin 
  Washing plus   Deltamethrin 
      Endosulfan  
      Fenitrothion 
      Fenpropathrin 
      Iprodione 
      Kresoxim-methyl 
      
Lambda-
cyhalothrin 
      Quinalphos 
      Tolylfluanid 
      Vinclozolin 
Ribeiro et al.( 2000) Washing Oranges Dicofol 
Schattenberg et al. ( 1996) Peeling Oranges, strawberries, spinach, Dicofol 
  Washing plus 
Lettuce, tomatoes, grapes, 
green Benomyl 
    beans, apples, peaches, pears, EBDC 
    apricots, carrots, potatoes Captan 
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Reference Processing  Commodity Active Ingredient 
      Endosulfan 
      Dimethoate 
      Chlorothalonil 
      Diazinon 
      Daminozide 
Soliman ( 2001) blanching Potatoes HCB 
  Frying   Lindane 
  Peeling   p,p-DDT 
  Washing   Dimethoate 
      Pirimiphos-methyl 
      Malathion 
Stepan et al. ( 2005) Washing Apples Fenitrothion 
      Phosalone 
      Tolylfluanid 
    Uysal-Pala et al. ( 2006)  Canning Tomatoes Endosulfan 
  Washing   Deltamethrin 
Zhang et al. ( 2007) Frying Cabbage Chlorpyrifos 
  Washing   p,p-DDT 
      Cypermethrin 
      Chlorothalonil 
 
The findings from the 33 selected publications were categorized with respect to the food 
processing technique applied and the results are shown in Table 3-2. The experiments that 
were excluded in the quantitative calculations did not have standard deviations or raw data 
that could be used for further calculations. Values below the quantification limit were 
replaced with half the quantification limit. 
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Table 3-2: Summary of food processing techniques identified from literature 
dealing with effect on pesticide residue levels 
     
Processing Total number 
No. of samples 
considered in No. of active 
 method of samples meta-analysis substances 
 Baking 18 10 2 
 Blanching 17 10 5 
 Boiling 83 51 18 
 Canning 54 24 7 
 Frying 17 7 5 
 Juicing 46 31 11 
 Peeling 42 20 15 
 Washing 161 98 39 
 Washing plus* 67 53 20 
  
* Washing plus refers to washing combined with other processing techniques. 
 
 
3.3.2 Meta-analysis 
 
The results from each processing technique were checked for homogeneity using Q-statistic 
and all of them showed significance when compared to the theoretical value from chi-square 
distribution at k – 1 degree of freedom, table 3-3. This resulted in the homogeneity 
assumption being rejected and allowing application of random effects model. The random 
effects model includes both within and between studies variability. If the homogeneity 
assumption was accepted the fixed effects model could have been applied. The fixed effects 
model assumes the effect sizes only differ by sampling error. The variance between 
individual studies which was estimated by σ2 was incorporated in recalculation of weighted 
mean average log response ratio (L*). The weighted response ratios (R*) and confidence 
intervals at 95 and 99.9%, are presented in table 3-3.  The average response ratios show 
reduction in pesticide residue levels, indicated by R*<1, the lower the response ratio the 
higher the reduction of the pesticide residue levels. This was observed for all the food 
processing techniques except baking. Concentration of the pesticide, indicated by R*> 1, was 
observed on the average response ratio for baking.  However, it can be seen that the 
confidence intervals at 95 and 99.5% level indicate that both reductions and increases are 
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possible for baking, boiling, canning and juicing. A marginal increase is shown for washing 
combined with other technique for the 99,5% confidence interval. The broad confidence 
interval around the estimates may be due to the differences in properties of the pesticides 
or matrix effect since this was not separately during the analysis 
 
Table 3-3: Response ratios and confidence intervals of pesticide residue levels  
in published studies on processed fruits and vegetables used in meta-analysis 
       Processing Q σ^2 R* 95% CI 99.5% CI 
 Baking 232 (18.3) 0.435 1.38 0.91 -2.09 0.76 - 2.51 
 Blanching 322 (16.9) 1.176 0.21 0.10 - 0.44 0.07 - 0.61 
 Boiling 28481 (67.5) 1.507 0.82 0.58 - 1.15 0.50 - 1.33 
 Canning 2992 (35.2) 1.093 0.71 0.46 - 1.09 0.38 - 1.31 
 Frying 59 (12.6) 2.607 0.1 0.02 - 0.46 0.01 - 0.90 
 Juicing 2843 (43.8) 2.902 0.59 0.32 - 1.09 0.24 - 1.42 
 Peeling 2360 (31.4) 0.322 0.41 0.30 - 0.54 0.27 - 0.61 
 Washing 28076 (121) 0.868 0.68 0.52 - 0.82 0.52 - 0.89 
 Washing plus 13283 (69.8) 4.765 0.44 0.24 - 0.80 0.19 - 1.03 
 Q = Q-statistic (homogeneity test) 
( ) = critical value  
    σ^2 = non sampling variation 
    R*= weighted mean response ratio, obtained by taking the antilogarithm of L* 
(weighted mean log response ratio, see  section 2.3 for the calculations) 
CI = confidence interval 
      
Data for all the processing techniques contained values for metabolites for some of the 
pesticides except in the case of frying. The metabolites investigated were 3,5,6-trichloro-2-
pyridinol that result from chlorpyrifos and ethylenethiourea (ETU) that result from ethylene 
bis-dithiocarbamates. From the data used it can be observed that  blanching, frying, peeling 
and washing combined other techniques reduced pesticide residues significantly  by more 
than 50% which is indicated by an response ratio (R*) less than 0,5.  
3.4 Discussion 
 
The results obtained indicate that meta-analysis of response ratios can be used to 
summarise findings from independent researchers working on effects of food processing on 
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pesticide residue levels in fruits and vegetables. The processes that mainly reduce pesticide 
residue levels without any indication of increase in the confidence intervals were blanching, 
cooking, frying, peeling and washing. The response ratios, which are the same as processing 
factors as used in dietary risk assessment studies, are comparable to those published in 
literature (Boon et al. 2008;FAO/WHO 2007). When carrying out risk assessments of 
exposure to organophosphorus pesticides in the Dutch diet, Boon et al.( 2008) derived 
processing factors; 0.76; 0.44 and 0.74 for washing, peeling and canning respectively for 
fruits and vegetables. For the same processes in our studies, the response ratios obtained 
were 0.68; 0.41 and 0.71 respectively. Fate assessment of cyromazine, an insecticide, in 
processing studies by FAO/WHO ( 2007) resulted in processing factors; 0.71; 0.53 and 0.75 
for washing, canning and juicing respectively in tomatoes. Although the processing factors of 
canning and juicing are different from the ones obtained in these studies, it is remarkable 
that the other processing factors are similar to those from a different approach. The 
processing factors obtained are also comparable to the database compiled by the German 
Federal Institute for Risk Assessment (BfR). The database was compiled using data from 
JMPR and EU evaluation reports (BfR 2009). Even though the processing factors are 
compiled for single active substance in an individual plant product they fall in within the 
confidence limits of the processing factors obtained from meta-analysis studies. For 
example, washing of strawberries containing tolylfluanid resulted in a processing factor of 
0.6 which is comparable to the average processing factor of washing, 0.68, from meta-
analysis studies. Juicing of tomatoes containing cypermethrin resulted in a processing factor 
of 0.3 which is lower than the average, 0.59 but falls within the 99.5% confidence interval of 
juicing obtained from meta-analysis studies. 
Washing was shown to be the most studied method of processing and also had more 
samples included in meta-analysis calculations (see table 3.2). Washing has been found to 
reduce pesticides that are loosely attached to the surface while peeling removes even  those 
that have penetrated the cuticles of the fruits or vegetables (Abou-Arab 1999). The removal 
of pesticide residues by washing has also been found to depend on the age of the chemical 
(Guardia-Rubio et al. 2007). These researchers found that it was easier to wash off the 
pesticide residue from olives one day after spraying than after one week. 
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Meta-analysis revealed that next to reduced pesticide residue levels by a processing method, 
also in some cases increased pesticide residue levels can occur. The results for baking, 
boiling, canning and juicing indicated a possibility of both increase and reduction. The 
processes that normally occur during cooking are volatilization, hydrolysis and thermal 
breakdown (Abou-Arab 1999;Balinova et al. 2006;Stepan et al. 2005). These results may be 
influenced by physico-chemical properties of the pesticides. Abou-Arab ( 1999) found that 
home canning reduced organophosphorus pesticide residue levels more than organochlorine 
pesticide residue levels. Open systems may result in water loss during heating by 
evaporation, thereby concentrating the pesticide residues if they are not destroyed by 
heating.  
The limitation of this study was mainly incomplete data from the published research articles 
as well as not enough data to analyse processing effects at compound level. Some research 
articles did not have standard deviation values that are required in the calculations of the 
effects, thereby reducing the number of experiments involved in meta-analysis. 
3.5 Conclusion 
 
Meta-analysis has been used to summarise the effects of different food processing 
techniques on pesticide residue levels in fruits and vegetables together with confidence 
intervals. The method was able to indicate which processes cause reduction and those that 
may cause both reduction and increase. Even though some calculations were performed 
using limited number of experiments, they should be repeated on a larger scale to ascertain 
the true effects with the participating laboratories knowing important information required 
to perform a meta-analysis. However, the results obtained are comparable with some of the 
published studies and may be used in cases where there is no or very limited information on 
processing. This study did not tackle the influence of food processing on different types of 
pesticide residues and also the types of fruits and vegetables; those might give more insight 
to these effects. 
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CHAPTER 4: INFLUENCE OF PESTICIDE PHYSICO-CHEMICAL 
PROPERTIES AND OTHER PARAMETERS ON PESTICIDE 
RESIDUES DURING PROCESSING OF FRUITS AND 
VEGETABLES 
 
 
Manuscript of this chapter has been submitted to Pesticide Management Science journal. 
 
ABSTRACT 
Researchers are continuously investigating ways to reduce pesticide residues in food 
because of their potential health risks. Food processing has been found to help in reducing 
the pesticide residues in agricultural commodities. The effects of food processing on 
pesticide residues have been attributed to the physicochemical properties of the pesticides 
and the nature of the samples. In this paper, we present comparisons of influence of 
physico-chemical properties: water solubility (Sw), water-octanol partition coefficient (Kow), 
Henry coefficient (H) and vapour pressure (Vp). The distributions from the 5 processing 
methods (boiling, frying, peeling, stewing and washing) and the differences between leafy 
and non-leafy vegetables are investigated. The influences of physico-chemical properties 
during processing were significant (P < 0.05) in the stewing and washing processes. The 
common distributions displayed were lognormal, generalized extreme value and weibull. 
There was a significant difference between the behaviour of leafy and non-leafy vegetables 
in frying, peeling, stewing and washing. Even though physico-chemical properties can 
influence the behaviour of pesticide residues during processing, there might be other factors 
such as the type of fruit or vegetable affecting the processes. Our studies also highlighted 
possible residue distributions that can be used in probabilistic risk assessment 
determinations in addition to the common lognormal distribution. 
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4.1 Introduction 
 
Pesticides are being used during crop production to sustain the food supply for the 
increasing world population. As a result, their residues are found in raw agriculture 
commodities and some processed foods. Due to potential health risks of acute and chronic 
poisoning, researchers are continuously investigating ways to reduce the use of pesticides in 
crops and their residues in food products. Food processing has been found to help in 
reducing the pesticide in agricultural commodities (Chavarri et al. 2004;Dejonckheere, 
Steurbaut, Drieghe, Verstraeten, & Braeckman 1996b;Duhan et al. 2010;Elkins 
1989;Hassanzadeh et al. 2010;Sakaliene et al. 2009;Schattenberg, Geno, Hsu, Fry, & Parker 
1996). Fruits and vegetables are always the focus of investigations because most of them are 
consumed with minimal processing in order to get maximum benefit of their nutrients. The 
effect of food processing on pesticide residues has been mainly attributed to the 
physicochemical properties of the pesticide and the nature of the sample (Holland et al. 
1994;Nagayama 1996;Ozbey and Uygun 2007;Stepan, Ticha, Hajslova, Kovalczuk, & Kocourek 
2005). The physicochemical properties of the pesticides include solubility, volatility, 
hydrolytic rate constants, water-octanol partition coefficient and thermal degradation. 
Nagayama ( 1996) observed that pesticide residues remain in the processed food according 
to the  water-octanol partition coefficient (Kow). The conclusions were made after boiling 
and frying spinach and jam making from oranges. Pugliese (2004) concluded that the amount 
of pesticide residues removed by washing was related to water solubility (Sw) and Kow 
during washing experiments of nectarines. When investigating the behaviour of 
organophosphorus pesticide residues during peppermint tea infusion, Ozbey and Uygun 
(2007) found a satisfactory relationship between pesticide Sw, Kow, Henry coefficient (H) 
and the amount of pesticide transferred to the brewed tea. Some of the above mentioned 
literatures have not only attributed effects of processing to physico-chemical properties of 
pesticide but have also demonstrated that there was satisfactory relationship using linear 
regression. However, no public literature has compared effects of physico-chemical 
properties using high and low values of these properties in samples from the public markets. 
This paper looks at the distribution of data from five food processing methods (boiling, 
 
 
50 
 
frying, peeling, stewing and washing), the influence of Kow, Sw, volatility characterised by H 
and vapour pressure (Vp) and the amount of pesticide residue remaining on the processed 
fruits and vegetables obtained from public markets. The difference between leafy and non-
leafy samples was also investigated. Samples from the public markets reflect the real 
situation as compared to supervised trials. 
4.2 Materials and methods 
4.2.1 Sampling and pesticide analysis 
 
Fruits and vegetables samples were obtained from wholesale markets, stores, auction halls 
and retail outlets according to procedures described by the Belgian Inspection Services. 
Samples were analysed for the following pesticides; organochlorines, organophosphorus, 
nitrogen-containing pesticides, N-methyl carbamates, dithiocarbamates, benzimidazoles, 
propham, chlorpropham, imazalil and propamocarb using methods described by 
Denjonckheere et al. (1996a). Unprocessed fruits and vegetable samples with detectable 
pesticide residues were processed in the way they would be normally treated before 
consumption. The processing methods carried out were washing, peeling, boiling, frying and 
stewing. Washing was done by rinsing the sample in a strainer under tap water for 30s. 
Peeling was performed by a potato peeler or a knife. Boiling was performed by cooking a 
sample (300 – 400g) in water (500mL) for 20 minutes. Stewing was done by simmering the 
sample (300 – 400g) in tap water (20mL) for 15 – 30 minutes. Frying was done by cooking 
small pieces of samples in oil at 180°C for 5 minutes. The samples were cooled before being 
analyzed for pesticide residues the same way as raw samples. The pesticide residues 
remaining after processing were calculated and expressed as a percentage of the 
concentration before processing. The pesticide physico-chemical properties (Kow, Sw, H and 
Vp) were obtained from the FOOTPRINT pesticide properties database (FOOTPRINT 2006). 
 
4.2.2 Distributional fitting and statistical analysis 
 
Distributional fitting of the data for every processing technique was done using Easy Fit 
program. Statistical analysis was performed using SPSS version 16. Samples from different 
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groups of physico-chemical properties were compared by parametric t-Test or non-
parametric Mann-Whitney test. For Sw the comparison was made between low Sw 
pesticides (≤ 50 mg/L) and high Sw (>500 mg/L). Low bio-accumulating pesticides (Kow< 2) 
were compared to high bio-accumulating pesticides (Kow >4).  Volatile pesticides (H at 20°C 
>2.5 x 10-5) were compared to non-volatile pesticides (H at 20°C < 2.5 x 10-7). For Vp the 
volatile cut point was Vp > 1.0 x 10-4 mPa and for non-volatile Vp < 1.0 x 10-6 mPa. These cut 
points were based on classification defined in the FOOTPRINT pesticide properties database. 
 
4.3 Results 
4.3.1 Samples and distributions  
 
The fruits and vegetables samples analysed in the studies and their frequencies are shown in 
table 4.1. 
 
Table 4-1. Fruits and vegetable samples analysed in the studies 
 
Leafy samples   Non-leafy samples     
Sample Number of samples Type Sample Number of samples 
celery leaves 54 berries currants 22 
endive 124   grapes 31 
lambs lettuce 178 
 
strawberries 206 
lettuce 185 bulb onions 8 
parsley 17 citrus lemons 2 
spinach 11   oranges 6 
  
 
fruiting vegetables cucumbers 4 
  
 
  peppers 33 
  
 
  tomatoes 30 
  
 
fungi mushroom 22 
  
 
legumes beans  16 
  
 
  peas 4 
  
 
miscellanious fruits bananas 37 
  
 
  kiwi 4 
  
 
pome apples 45 
  
 
  pears 59 
  
 
roots carrots 41 
  
 
  potatoes 80 
  
 
  radishes 2 
  
stone nectarine 2 
Total 569     654 
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The number of fruits and vegetables analysed under each processing method are shown in 
Table 4-2 as well as those pesticides occurring in 10 or more samples. The frequencies of 
samples in each processing method are shown in figures 4-2. The group designated “others” 
is composed of samples which had a frequency less than 10 individually. Washing had more 
samples than other processing methods and the most frequent samples were lettuce 
followed by strawberries. 
Table 4-2. Summary of the samples 
  
     
Processing 
Total 
no.  No. of Fruits No. of Vegetables Pesticidesa 
Boiling 238 87 151 bromopropylate, chlorpropham 
  
   
dithiocarbamates, endosulfan 
  
   
procymidone, propamocarb,  
  
   
vinclozolin 
Frying 111 40 71 chlorpropham, dithiocarbamates 
  
   
propamocarb, vinclozolin 
Peeling 165 66 99 bromopropylate, chlorfenvinvos 
  
   
chlorpropham, dithiocarbamates 
  
   
propamocarb, thiabendazole 
  
   
vinclozolin 
Stewing 220 81 139 carbendazim, chlorpropham 
  
   
dithiocarbamates, endosulfan 
  
   
propamocarb, vinclozolin 
Washing 489 140 349 bromopropylate, carbendazim 
  
   
dithiocarbamates, endosulfan 
  
   
iprodione, parathion, procymidone 
  
   
propamocarb, tolyfluanid 
        vinclozolin 
a Pesticide residues occurring in 10 or more samples 
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Figure 4-1 Fruits and vegetables samples used in boiling, frying, peeling, stewing and 
washing processes. Others refer to those that had a frequency of less than 10 samples 
individually 
 
The data from the five processing methods deviated from the normality Q-Q plots and were 
fitted to other distributions using Easy Fit 3.2 software. The distributions displayed by the 
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samples under different fittings are shown in Figure 4.2 and distribution parameters are 
shown Table 4-3. Boiling displayed lognormal distribution in all the three distribution fittings. 
The most common distribution fitting in the three types of fitting were Lognormal, 
Generalized Extreme Value and Weibull. Distributions are mainly characterised by three 
parameters; location, scale and shape parameter (Stroud 2010). The location parameter 
indicates the lower point or the midpoint of the distribution (mean). The scale parameter 
describes the magnitude of the x-axis scale, which is the standard deviation. The shape 
parameter defines the probability density function. However, not all the distributions are 
defined by the three parameters, two parameters may be enough to describe a distribution. 
Normal and Laplace distribution were described by two parameters; location and scale 
parameters. The other distributions were described by three parameters. 
 
Table 4-3: Distributions fitting of the samples obtained using Easy Fit software 
    Processing Kolmogorov-Smirnov Anderson-Darling Chi-Square 
Boiling Lognormal  Lognormal   Lognormal   
  σ =1.86, µ =1.87, γ= 0.17  σ =1.86, µ =1.87, γ= 0.17  σ =1.86, µ =1.87, γ= 0.17  
  
  
  
Frying Weibull  Generalized Extreme Value Generalized Extreme  
  α= 0.92, β= 5.77, γ=0 k= 0.62, σ=2.71, µ=2.34 k= 0.62, σ=2.71, µ=2.34 
  
  
  
Peeling Lognormal   Generalized Pareto  Weibull  
  σ= 1.50, µ= 1.74, γ= 0 k= 0.43, σ=9.1, μ= -0.73 α= 0.77, β= 11.03, γ=0 
  
  
  
Stewing Gamma 3P  Weibull  Normal  
  α=0.53, β=102.87, γ=0.27 α=0.70, β=39.58, γ=0 σ= 55.7,μ= 47.74 
  
  
  
Washing Generalized Extreme Value Generalized Extreme Value Laplace  
  k= 0.03,σ=39.24, µ=44.16 k= 0.03,σ=39.24, µ=44.16 λ= 0.03, µ= 67.92 
        
α = continuos scale parameter β = continuos shape parameter 
γ = continuos location parameter k = continuos shape parameter 
λ = inverse scale parameter μ = continuos location parameter (mean) 
σ = continuos scale parameter (standard deviation) 
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Figure 4-2: Distribution fittings of the pesticide remaining (%) after processing: Lognormal 
(boiling); Weibull (frying); Generalized Pareto (peeling); Gamma 3P (stewing); Generalized 
Extreme Value (washing) and Laplace (washing). 
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4.3.2 Effects of physicochemical properties and sample type 
 
The median, 75th and 90th percentile of pesticides remaining on fruits and vegetables after 
processing are shown in figure 4-3. These figures also show the median, 75th and 90th % 
remaining after the samples were divided according to different classes of physicochemical 
properties. The median % remaining was in the following order, from lowest to highest: 
frying < peeling < boiling < stewing < washing. The frying process had a median of 3.8% 
remaining while the washing process had a median of 61.4% pesticide remaining. 
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Figure 4-2: Pesticide residues (%) remaining after boiling, frying, peeling, stewing and 
washing processes. Sw-water solubility, H-Henry coefficient, Kow – water /octanol partition 
coefficient, VP – vapour pressure 
 
To compare the samples between different classes of physicochemical properties, the Mann-
Whitney test was carried out. The results of comparisons for the samples using a non-
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parametric Mann-Whitney test are shown in Table 4-4. The result for the leafy against non-
leafy sample types is also shown in Table 4-5.  
Table 4-4: Statitical results of pesticide properties comparisons using Mann-Whitney test  
      
Properties 
Boiling 
(No.) 
Frying 
(No.) 
Peeling 
(No.) 
Stewing 
(No.) 
Washing 
(No.) 
Water solubility 
    
  
Sw <= 50 177 64 90 153 358 
Sw > 500mg/L 21 13 15 20 86 
 P-value 0.181 0.076 0.145 0.016b 0.011b 
Henry coefficient 
    
  
H > 2.5 EXP -5 31 9 17 44 48 
H < 2.5 EXP -7 32 22 47 33 96 
 P-value 0.462 0.122 0.843 0.000b 0.586 
Bioaccumulation 
    
  
Kow < 2 28 15 19 34 100 
Kow > 2 193 79 129 168 353 
Kow > 4 44 18 23 43 59 
P-value Kow < 2 vs Kow > 2 0.728 0.150 0.636 0.113 0.023b 
P-value Kow < 2 vs Kow > 4 0.707 0.206 0.120 0.001b 0.007b 
      b  P-value < 0.05 indicates significance in the values compared 
   
The effect of low and high pesticide water solubility (Sw) on the % pesticide remaining on 
the processed commodity was significantly different in stewing and washing (P< 0.05). 
During stewing process, pesticides with higher Sw had a lower percentage remaining than 
those with low Sw. During the washing process, pesticides with low Sw had a lower % 
remaining than those with higher Sw. For volatility which was indicated by the Henry 
coefficient (H), there was a significant difference between volatile and non-volatile 
pesticides (P> 0.05) in stewing process. Pesticides with low H had a low % remaining than 
those with high H. Effects of volatility differences using vapour pressure (Vp) classes was not 
possible because all the pesticides in our study belonged to the same group of volatile 
pesticides, Vp > 1.0 x 10-4 mPa. 
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 Concerning the Kow, the difference between low and high bio-accumulating pesticides was 
only displayed in the stewing and washing processes. During the stewing process, pesticides 
with low Kow (<2) had a lower % remaining than those with higher Kow (>4). During the 
washing process, pesticides with high Kow had a lower % remaining than those with low 
Kow. Furthermore, when pesticides with moderate Kow (2 < Kow < 4) were included in the 
comparisons, there was a significance during the washing process.  
Table 4-5. Statistical results of sample type comparisons using Mann-Whitney test 
Sample type 
Boiling 
(No.) 
Frying 
(No.) 
Peeling 
(No.) 
Stewing 
(No.) 
Washing 
(No.) 
      Leafy 94 52 54 63 306 
non-leafy 144 59 111 157 183 
P-value 0.435 0.048b 0.000b 0.000b 0.001b 
b  P-value < 0.05 indicates significance in the values compared 
There was a significant difference in % pesticide remaining in leafy and non-leafy vegetables 
in all the processing types except for boiling. During the washing process, pesticides 
remained more on leafy vegetables than on non-leafy vegetables. During peeling, frying and 
stewing processes, pesticide residues remaining were lower in leafy vegetables than on non-
leafy ones.  
 
4.4 Discussion 
 
Pesticide residues analysed from fruits and vegetables in this study were characterised by a 
high number of non-detects which resulted in left skewed distributions.  This was also 
observed by Boon et al. (2003) when investigating variables that influence dietary exposure 
to pesticide residues. Two of the common distributions displayed by the samples in this 
study: lognormal and weibull, have also been identified before in other pesticide residue 
investigations. Ferrier et al. (2006) had best fit for chlorpyrifos residues data from apples as 
lognormal, imazalil residues data from oranges as weibull and chlorpropham residues data 
from potatoes fitted the exponential distribution. Boon et al. (2003) also found that the 
lognormal distribution was acceptable for all pesticide residues in fruits and vegetables they 
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investigated. Distributions are important during probabilistic risk assessment of pesticide 
residues. Instead of using single point processing factor such as the median or higher 
percentile reduction of the processing step, one may use processing reduction distribution 
as a whole in the risk assessment. Currently a single processing factor is used during the 
calculations while a distribution of residue values and consumption values are used. In the 
same manner, a distribution of processing factors could be also applied. That is, the 
consumption of a specific vegetable by a single person can be multiplied by a randomly 
selected value and also a randomly selected processing factor from the processing factor 
distribution. 
The influence of pesticide water solubility during processing was significant during washing 
and stewing. The higher reduction of highly water soluble pesticides during stewing may be 
due to the fact that they were degraded and translocated to the cooking water more easily 
than the low water soluble ones. This also may be related to the fact that most pesticides 
with high water solubility have a lower Kow value that allows them to move easily from 
plant tissues. A negative correlation between log Kow and log Sw has been observed in some 
organic compounds including pesticides (Banerjee et al. 1980;Barbour et al. 2005;Isnard and 
Lambert 1989). Pesticides with low Kow have been found to have a lower % remaining than 
pesticides with high Kow (Nagayama 1996). In contrast, during washing the low Sw 
pesticides had a lower % remaining than those with high Sw and that could not be explained 
by the above mentioned relationship of Sw and Kow properties. During washing, pesticide 
residues that are on the surface of the samples and that have not entered the waxy cuticles 
are washed off.  
When comparing the medians between volatile and non-volatile pesticide residues during 
processing, there was a significant difference during stewing process. The finding that 
pesticides with low H had a lower percentage remaining than those with high H could not be 
explained by the relationship between fugacity and H. Pesticides with high fugacity tend to 
escape more as a vapour between mediums (Ozbey & Uygun 2007) . It was expected that 
the pesticides with high H would have a lower % remaining than those with low H. However, 
in other processes involving heating process such as boiling and frying, this behaviour can be 
observed in the higher 75th and 90th percentiles. The comparisons between the effect of low 
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and higher vapour pressure were not possible since all the pesticides in this study were 
classified under the same group of volatile pesticides. There is a possibility that there might 
be other competitive influencing properties more than volatility and they can suppress its 
influence. 
When investigating the influence of Kow on processing, a significant difference was found 
during the stewing and washing processes. The finding that pesticides with low Kow value 
had a lower % remaining than those with a higher Kow was consistent with previous findings 
by Nagayama (1996). The author found a good correlation between % remaining and Kow 
during boiling and frizzling of spinach. Pesticide % remaining increased with increase in Kow 
value. The same relationship was also observed during cooking of marmalade from oranges. 
However during washing the findings were opposite to that of stewing. This might be 
influenced by other factors like the initial concentration of the pesticide residues and the 
distribution of the samples which was left skewed implying that there were high numbers of 
samples with non-detects as mentioned earlier.  
During the investigation of effects of processing on leafy and non-leafy vegetable, frying, 
peeling and stewing processes gave results that indicated that residues remained less on 
leafy vegetables than on non-leafy ones. This may be due to the exposure of sample surface 
during processing; leafy vegetables are more affected by processing than the non-leafy ones 
during the same time of processing. Ripley  et al. (2003) stated that leafy crops had a high 
exposed surface area- to-mass ratio than other crops. Pesticides that had penetrated deeper 
into the core of the samples might be less affected during processing. Peeling removes those 
residues that are on the skin of the sample while those that penetrated deeper are not 
affected. Also during frying the oil interacts with the outer layers more than the core of the 
sample. During washing process, pesticide residues remained more on the on leafy fruits and 
vegetables than non-leafy ones. This might be due to the fact that pesticide on leafy 
vegetables had entered the waxy cuticle and could not be more affected by washing. 
Washing has been found to be the least effective method processing method to reduce 
pesticides. Keikotlhaile et al.( 2010) found that washing had least impact when compared 
with frying, peeling, boiling and stewing out of the meta-analysis study. Other physico-
chemical parameters like thermal degradation may play an important part during processing 
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methods that involve heating. Some uncertainties in this study may be due to sampling, 
analytical processes and weight changes during food processing. During cooking samples 
may lose water and become concentrated while during washing the samples may retain 
water and become more diluted. 
 
4.5 Conclusion 
 
The common distributions displayed by the samples involved during the five processing 
methods were lognormal, generalised extreme value and weibull. The implications of these 
distributions are important during probabilistic risk assessment of pesticide residues and 
interpretation of the results. Instead of using single point processing factor such as the 
median or higher percentile reduction of the processing step, one may use processing 
reduction distribution as a whole in the risk assessment. The influences of the physico-
chemical properties were significant (P < 0.05) during the stewing and washing processes in 
our study. There was significant difference between the behaviour of leafy and non-leafy 
vegetables in frying, peeling, stewing and washing but not boiling. Other food processing 
methods where the results were opposite to what was expected might be attributed to the 
distributions of the samples. However, the findings imply that there might be other 
influencing parameters than the ones considered in our analysis like pre-processing 
concentration and thermal stability. 
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CHAPTER 5: RISK ASSESSMENT OF THE ONCOGENIC 
PROPERTIES OF PESTICIDE RESIDUES 
 
This chapter was presented at the 63rd International Symposium on Crop Protection, May 24, 
Ghent, Belgium. 
 Keikotlhaile BM, Spanoghe P and W. Steurbaut (2011).  Risk assessment of oncogenic 
potency of pesticide residues in fruits and vegetables. 
 
ABSTRACT 
Pesticides are used in agriculture to improve food security by assuring good harvest, 
however, they can have harmful effects in human beings and animals. One of the harmful 
effects of pesticides is their carcinogenicity. Exposure to oncogenic compounds may result in 
cancer to the exposed animal or person.  In this chapter, exposure assessment of oncogenic 
potency of pesticides was performed from raw and processed fruits and vegetables. The 
oncogenic risk was calculated by multiplying the estimated daily intake (EDI) of the pesticide 
residue with the oncogenic potency factor (Q*) of the concerned pesticide. The total 
potential oncogenic risk was calculated to be 2.76 x 10-3 before processing and 8.97 x 10-4 
after processing. The risk was higher than the EPA acceptable limit of 1 x10-6. Despite the 
calculated levels exceeding the EPA acceptable limit, food processing activities reduced the 
dietary oncogenic risk to an average 33.8%. 
 
5.1 Introduction 
 
Risk assessment is typically divided in two similar but separate practices depending on 
whether the chemical evaluated is a carcinogen (causing cancer) or non-carcinogen (not 
causing cancer). Carcinogens have been viewed as the most important and influence the risk 
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assessment processes. Risk assessment has been reviewed by various researchers 
(FAO/WHO 2006;Renwick 2002;Winter 1992). 
5.1.1 Non-carcinogens 
 
Non-carcinogens are assessed for the toxicological effects which include the following 
toxicity: acute; developmental; chronic and the most sensitive toxicological effect (the effect 
occurring at the lowest dose) in the most sensitive animal species. The highest dose that 
does not produce the most sensitive toxicological effect is known as the No Observable 
Effect Level (NOEL). Since not all measured effects are adverse health effects, another higher 
level of exposure may be determined which is known as the no observable adverse effect 
level (NOAEL), figure 5-1. The existences of these two threshold levels provide the basis for 
non-carcinogenic risk assessment. After determining the NOAEL, acceptable daily intake 
(ADI) is calculated by dividing the NOAEL for animal studies with an uncertainty factor of 100 
to convert to a safe level for humans. A factor 100 (10 x 10) is mostly used to account for 
species differences and individual variability in sensitivity to the chemicals (Renwick 2002). 
Estimation of safety is done by comparison of the EDI and TMDI with the ADI. 
 
 
Figure 5-1: Dose response –curve (Stewardship Community 2011) 
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5.1.2 Carcinogens 
 
The exposure of carcinogens at any level of concentration may cause some associated risk 
(Winter 1992). Cancer is usually caused by tumours that invade other tissues (malignant) but 
during determination of carcinogenicity, non-invasive (benign) tumours are also counted. 
The chemicals that cause tumours, whether malignant or benign, are referred to as 
oncogens rather than carcinogens (NRC 1987). The classification list of carcinogens 
developed by the US EPA is shown in table 5-1. The latest classification was developed 
because of the availability of more data and development in the methods of analysis. The 
two systems are still found in the literature depending on when the chemical was assessed 
or re-evaluated. 
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Table 5-1: EPA classification of carcinogens 
1986 Classification groups 2005 Classification 
A – Human carcinogen 
Sufficient evidence from epidemiology studies 
to support a causal association between 
exposure agents and cancer 
Carcinogenic to humans 
Convincing epidemiological evidence of a 
causal association between human exposure 
and cancer 
B – Probable human carcinogen 
B1 – sufficient evidence for carcinogenicity from 
animal studies with limited evidence of 
carcinogenicity from epidemiological studies 
B2 - sufficient evidence for carcinogenicity from 
animal studies with inadequate or no 
epidemiological data 
Likely to be carcinogenic to humans 
The weight of evidence is adequate to 
demonstrate carcinogenic potential to 
humans but does not reach the weight of 
evidence for the descriptor “ Carcinogenic to 
humans” 
C – Possible human carcinogen 
Limited evidence of carcinogenicity in the 
absence of human data 
 
Suggestive evidence of carcinogenic potential 
When the weight of evidence is suggestive of 
carcinogenicity; a concern for potential 
carcinogenic effects in humans is raised, but 
the data are judged not sufficient for a 
stronger conclusion 
D – Not classifiable as to human carcinogenicity 
Inadequate or no human and animal data for 
carcinogenicity 
 
Inadequate information to assess 
carcinogenic potential 
When the available data are judged 
inadequate for applying one of the other 
descriptors. Additional studies would be 
expected to provide further insights. 
E – Evidence of non-carcinogenicity for humans 
No evidence of carcinogenicity in at least two 
adequate animal tests in different species in 
adequate epidemiologic and animal studies 
Not likely to be carcinogenic to humans 
When the available data are considered 
robust for deciding that there is no basis for 
human hazard concern 
Multiple descriptors 
More than one descriptor can be used when 
an agent’s effects differ by dose or exposure 
route 
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Cancer studies are usually performed by exposing laboratory animals to various doses of a 
chemical: zero dose (control), medium dose and high dose. The doses are applied 
throughout the lifetimes of animals and then the number of tumours is compared 
statistically with the control group. The cancer studies are performed on animals more prone 
to cancer like rats and mice. Lacks of experimental data on exposure of ultra-low doses of 
suspected carcinogens and cancer incidence, some models have been developed to predict 
incidence of cancer on human beings (Winter 1992). EPA uses conservative models that 
assume that a single molecule of suspected carcinogen can cause cancer and larger 
exposures would lead to higher risks. The cancer potency factor is expressed as the upper 
95% confidence interval of the slope of the dose response curve, this is known as the Q star 
or Q*. When Q* is multiplied by the chemical exposure, estimate of the oncogenic risk is 
obtained and expressed as a probability of excess cancer occurrence (NRC 1987). This 
method of risk assessment is said to have some uncertainties that may overestimate the risk 
but it is still considered important in identifying and prioritizing risks and developing 
mitigation strategies (Winter 1992). 
Dietary oncogenic risk = residue exposure x Q* 
The goals of this chapter was to perform risk assessment of pesticide residues in relation to 
cancer from the Belgian residue data generated from the Ghent University Crop Protection 
Chemistry Laboratory and the effect of food processing on the cancer risk. 
5.2 Materials and methods 
5.2.1 Pesticide residue data and Q* 
 
The residue data of the pesticides used was selected from the same one used in chapter 3 
and 4. Pesticides were selected using the EPA list of “Chemicals evaluated for carcinogenic 
potential” of 2010 (EPA 2010). The Q* stars were obtained from the EPA documents on re-
registration of pesticides for individual active ingredient. These values indicate the excess 
tumour incidence for a 70 year human life span per unit dose. 
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5.2.2 Fruits and vegetables consumption data 
 
The consumption of the fruits and vegetables that were found to have pesticide residues of 
suspected carcinogens were extracted from the Belgian Food Consumption Survey Database 
of the survey carried out in 2004 by the Belgian Scientific Institute of Public Health (SIPH, 
2007). The information was gathered from two non-consecutive 24-hours food recalls. This 
method involves the person being interviewed to recall what they ate and drank during the 
day before the interview. The diet intake information from the 24-hour recalls was obtained 
by means of a software programme named EPIC-soft. The average food consumption was 
calculated from the diet whereby the fruit or vegetable is used as the main ingredient and 
from other dishes where it is combined other ingredients e.g. salads and soups. 
5.2.3 Assessment of pesticide exposure and oncogenicity  
 
The estimated daily intake (EDI) of pesticide residues were calculated as follows: 
EDI = ∑,food consumption (kg/person/day) x (pesticide concentration (mg/kg food)-/body 
weight(kg) 
The EDI from processed fruits and vegetables was calculated as follows: 
Adjusted EDI = ∑,food consumption (kg/person/day) x (pesticide concentration in processed 
food (mg/kg food)}/body weight(kg) 
The average WHO recommended body weight, 60kg, was used in all the calculations (WHO 
1997). The average body weight reported by the respondents during the food consumption 
could be used but it has some limitations associated with it. The respondents may give 
inaccurate weight due to social desirability and this may bias the response (Connor Gorber et 
al. 2007). The oncogenic potency risk was calculated by multiplying both EDI and adjusted 
EDI by the Q* of the pesticide involved. 
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5.3 Results 
 
5.3.1 Pesticide residues and consumption 
 
Out of the 1223 samples of fruits and vegetables analysed, 42 pesticide active ingredients 
were detected. The pesticides and their frequencies are listed in Appendix B. Of the 42 
pesticide active ingredients detected, 14 of them were classified as oncogenic pesticides. 
The oncogenic pesticides, their classification, their ADI and Q* values are shown in table 5-2. 
The samples found containing the oncogenic pesticides are listed in table 5-3 together with 
their consumption values. 
 
Table 5-2: Oncogenic pesticides identified from the samples analysed 
Pesticide Type Cancer Class ADI  
(mg/kg/day) 
Q* 
Captan Fungicide, 
dicarboximide 
Multiple descriptors 0.1 2.30 x 10-3 
Carbaryl 
 
Insecticide, carbamate Likely to be 
carcinogenic to 
humans 
0.0075 8.75 x 10-4 
Carbendazim Fungicide, 
benzimidazole 
Group C - possible 
human carcinogen 
0.02 2.39 x 10-3 
Chlorothalonil Fungicide, chloronitrile Likely to be 
carcinogenic to 
humans 
0.015 2.40 x 10-2 
Dithiocarbamates Fungicides, 
dithiocarbamates 
§Group B – probable 
human carcinogen 
§0.05 §1.76 x 10-2 
Folpet Fungicide, phthalimide Group B – probable 
human carcinogen 
0.1 3.50 x 10-2 
Imazalil Fungicide, imidazole Likely to be 
carcinogenic to 
humans 
0.025 6.10 x 10-2 
Iprodione Fungicide, 
dicarboximide 
Likely to be 
carcinogenic to 
0.06 4.39 x 10-2 
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Pesticide Type Cancer Class ADI  
(mg/kg/day) 
Q* 
humans 
Parathion Insecticide, 
organophosphate 
Group C - possible 
human carcinogen 
0.0006 1.80 x 10-2 
Permethrin Insecticide, pyrethroid Likely to be 
carcinogenic to 
humans 
 
0.05 3.00 x 10-2 
Pirimicarb Insecticide, carbamate Likely to be 
carcinogenic to 
humans 
0.035 3.53 x 10-2 
Procymidone Fungicide, 
dicarboximide 
Group B – probable 
human carcinogen 
0.0028 6.38 x 10-2 
Tolylfluanid Fungicide, sulphamide Likely to be 
carcinogenic to 
humans 
0.1 1.59 x 10-3 
Vinclozolin Fungicide, oxazole Group C - possible 
human carcinogen 
0.005 6.38 x 10-2 
§ : values for mancozeb and maneb used as representative for dithiocarbamates. Their 
method of determination always detects total dithiocarbamates not single compound. 
 
Averages of all samples containing dithiocarbamates, iprodione, parathion, procymidone 
and vinclozolin were higher than ADI values before processing. After processing only 2 active 
ingredients exceeded ADI values: iprodione in lambs lettuce (7.2%) and vinclozolin in celery 
leaves (19.6%); lambs lettuce (288%); lettuce (61%) and parsley (403%). The top five most 
consumed fruits in the samples analysed were pears followed by apples, bananas, 
strawberries and grapes. The top five most consumed vegetables in the samples analysed 
were endives followed by beans, spinach, peas and tomatoes. Lambs lettuce and 
strawberries and contained the highest number of pesticide residues (7) followed by lettuce 
(6), endives (6) and grapes (5). 
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Table 5-3: Samples containing oncogenic pesticides 
Sample Consumption (g/day) No. Pesticides detected 
Apple 144.5 3 
Bananas 130.1 2 
Beans 104.4 2 
Celery leaves 16.1 4 
Cucumbers 51.4 2 
Currants 96.8 3 
Endives 112.8 6 
Grapes 120.9 5 
Kiwi 81.3 2 
Lambs lettuce 22.1 7 
Lemons 16.7 1 
Lettuce 30.5 6 
Mushrooms 33 2 
Parsley 2.1 4 
Peas 90.3 2 
Pears 150 3 
Peppers 25.5 4 
Radishes 42.8 1 
Spinach 101.6 1 
Strawberries 123 7 
Tomatoes 77.1 3 
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5.3.2 Assessment of pesticide exposure and oncogenicity  
 
From the oncogens identified, the top five pesticides with the largest number of samples 
were vinclozolin (334) followed by dithiocarbamates (105), iprodione (76), procymidone (64) 
and carbendazim (45). The pesticides with the highest Q* were procymidone and vinclozolin 
(6.38 x 10-2). The two fungicides are both from the same group and have the same 
metabolite, 3,5-dichloroaniline (3,5- DCA) that is oncogenic. The pesticide with the lowest 
Q* was carbaryl (8.75 x 10-4). 
 The results for estimated daily intake and dietary oncogenic risk are shown in table 5-4. 
More detailed calculations are shown in Appendix B. Before processing techniques, all the 
pesticides detected had estimated oncogenic risk greater than the EPA limit of 1 x10-6 except 
carbaryl. The pesticides with higher oncogenic risk were vinclozolin, procymidone, iprodione, 
and dithiocarbamates starting with the highest.  They accounted for 92.8% (2.56 x 10-3) of 
the total oncogenic risk estimated. After food processing the same pesticides mentioned 
above still had higher estimated oncogenic risk but now in a different order when ranked 
starting with the highest: procymidone, iprodione, vinclozolin and dithiocarbamates. They 
still accounted for 92.9% (8.33 x 10-4) of the total oncogenic risk after processing. The 
pesticide with the lower % remaining oncogenic risk after processing were imazalil (10.3%) 
followed by tolylfluanid (15.5%), vinclozolin (17.8%) and parathion (18.2%). 
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Table 5-4: Estimated dietary oncogenic risks before and after processing. 
Pesticide EDI Adjusted 
EDI 
Oncogenic 
risk (pre-
processing) 
Adjusted 
oncogenic risk 
Oncogenic risk 
remaining 
after 
processing (%) 
Captan 0.233 0.049 8.93 x 10-6 1.89 x 10-6 21.2 
Carbaryl 0.023 0.041 3.35 x 10-7 5.99 x 10-7 178 
Carbendazim 0.345 0.157 1.38 x 10-5 6.25 x 10-6 45.3 
Chlorothalonil 0.040 0.018 1.61 x 10-5 7.17 x 10-6 44.5 
Dithiocarbamates 1.190 0.397 3.49 x 10-4 1.17 x 10-4 33.5 
Folpet 0.231 0.099 1.35 x 10-5 5.79 x 10-6 42.9 
Imazalil 0.067 0.007 6.81 x 10-5 7.01 x 10-6 10.3 
Iprodione 0.676 0.293 4.95 x 10-4 2.14 x 10-4 43.2 
Parathion 0.213 0.039 6.39 x 10-6 1.16 x 10-6 18.2 
Permethrin 0.064 0.048 3.18 x 10-5 2.41 x 10-5 75.8 
Pirimicarb 0.053 0.015 3.10 x 10-5 8.89 x 10-6 28.7 
Procymidone 0.732 0.314 7.79 x 10-4 3.35 x 10-4 43.0 
Tolylfluanid 0.294 0.046 7.79 x 10-6 1.21 x 10-6 15.5 
Vinclozolin 0.882 0.157 9.38 x 10-4 1.67 x 10-4 17.8 
Total   2.76 x 10-3 8.97 x 10-4 32.5# 
#: average % remaining oncogenic risk 
 
5.4 Discussion 
 
The exposure of five pesticide residues (dithiocarbamates, iprodione, parathion, 
procymidone and vinclozolin) was above their ADI values in raw fruits and vegetables. 
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However, after processing that number was reduced to two: iprodione and vinclozolin. 
Iprodione is a dicarboximide contact fungicide used to control diseases including Botrytis, 
Minilia and Sclerotinia species in a wide range of crops. Vinclozolin is a non-systemic oxazole 
fungicide also used to control Botrytis, Monilia and Sclerotinia species in fruits and 
vegetables. The results pointed the need to pay more attention to the two fungicides in 
fruits and vegetables since they exceeded the safety level of chronic exposure. 
The estimated dietary oncogenic risk from fruits and vegetables analysed was mainly from 
procymidone, iprodione, vinclozolin and dithiocarbamates. Procymidone is a dicarboximide 
fungicide used as a seed dressing, pre-harvest spray and post harvest dip for control of 
various diseases. Procymidone has been classified as a probable human carcinogen (Group 
B). It can be metabolized to 3,5-dichloroaniline (3,5- DCA) which has been found to cause 
spleen sarcoma in male rats in experimental animals (EPA 2005). Iprodione also a 
dicarboximide that metabolizes to 3,5-DCA like procymidone and can result in the same 
effect mentioned above (EPA 1998). Vinclozolin like procymidone and iprodione metabolizes 
to 3,5-DCA and can have the same effect as the two pesticides (EPA 2000). Consumption of 
fruits and vegetables containing the above mentioned pesticides may lead to higher 
exposure of the metabolite.  
Dithiocarbamates are classified as probable human carcinogens (group B). They metabolize 
to ethylenethiourea (ETU) which has been found to cause cancer. The analytical method 
used to determine dithiocarbamates determines the concentration of CS2 and cannot 
differentiate which active ingredient contributed to the CS2. However in Belgium mancozeb 
and maneb are the most used dithiocarbamates (Claeys et al. 2008). Hence, their Q* were 
used in calculations. 
Based on this database, the potential oncogenic potency of the Belgian diet from fruits and 
vegetables was higher than the one estimated from the Korean studies (Chun and Kang 
2003) . The potential oncogenic risk after processing factors were applied ( 1.8 x 10-7) was 
less than the acceptable EPA limit. The oncogenic risk was calculated from three pesticides 
(cypermethrin, Chlorothalonil and parathion) whose Q* were known by that time. 
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Comparing with the recent pesticide residues exposure assessment of the Belgian 
population (Claeys et al. 2008), some of the pesticides with oncogenic risk are still detected 
in fruits and vegetables consumed.  In those studies, the detected pesticides were 
dithiocarbamates, imazalil, iprodione, procymidone and tolylfluanid. However, the exposure 
did not exceed the ADI values of these pesticides. In our database, vinclozolin and iprodione 
exceeded ADI values. Therefore there has been some reduction in exposure of the two 
compounds overtime. 
The limitations of the studies were that the consumption data used was from only two 24-hr 
recalls which might not give a good indication of the usual dietary intake. A large number of 
days of intake data are typically needed to determine usual intake for an individual. 
Insufficient number of days can cause considerable bias in the estimating intakes (Willett 
1998). However, the consumption data is representative of the Belgian population since it 
was a national study. 
 
5.5 Conclusion 
 
The risk assessment of pesticide residues during the study period pointed to possible high 
exposure of vinclozolin and iprodione since they exceeded ADI values. The other oncogens 
were below the ADI values. The estimated dietary oncogenic risk was mainly from 
procymidone, iprodione, vinclozolin and dithiocarbamates. The results highlighted which 
pesticides may be given priority in further investigation. The results may not be considered 
as absolute since the method used is very conservative. It allows for higher estimations 
(worst case scenario) while the actual exposure may still be much lower. 
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CHAPTER 6: CUMULATIVE RISK ASSESSMENT OF 
ACETYLCHOLINESTERASE INHIBITING PESTICIDES 
 
 
ABSTRACT 
Dietary risk assessment had been mostly performed on exposure to single compound in a 
single crop. However, in real life humans may be exposed to multiple compounds at the 
same time. These compounds may have toxicological effects that can be independent, dose 
additive or interactive. These realisations lead to cumulative risk assessment becoming an 
area of concern in pesticide residue exposure. In this chapter, cumulative risk assessment of 
acetylcholinesterase (AChE) inhibiting pesticides, organophosphates and carbamates, from 
the consumption of fruits and vegetables by the Belgian population was performed. Relative 
potency factor (RPF) approach was used and chlorpyrifos was chosen as index compound. 
RPF values were derived using BMD10 or NOAEL for AChE inhibition, mostly in the Rat brain. 
The exposure to AChE inhibiting pesticides at 97.5 percentile was 33.7% of the chlorpyrifos 
ARfD before processing and 18.3% after processing. Parathion and methomyl were the 
highest contributors to the ARfD. The results showed that there was no acute cumulative 
risk of AChE pesticides. 
 
6.1 Introduction 
6.1.1 General cumulative risk assessment (CRA) 
 
Dietary risk assessment has traditionally been done for an individual compound in a single 
crop. However, in real life humans may be exposed to multiple compounds in a whole diet. 
This combined exposure can have toxicological effects that can be independent, dose 
additive or interactive (synergistic or antagonistic). This area of risk assessment of multiple 
compounds has gained momentum since the 1990s (DVFA 2003;EFSA 2008;Kortenkamp 
2007;Mumtaz 1995;Wilkinson et al. 2000) (Mumtaz 1995, Danish VFA 2003, Kortenkamp 
 
 
77 
 
2007, EFSA 2008; Wilkinson 2000). Most work has been done on cumulative risk assessment 
that focuses on the risk of common toxic effect associated with concurrent exposure. Some 
reviews focused on cumulative risk assessment (CRA) of pesticide residues in food (Boobis et 
al. 2008;Reffstrup et al. 2010). In these studies, methods of how to carry out CRA were 
discussed as well as advantages and disadvantages of each method. The discussed methods 
are summarised in table 6-1. 
When performing a CRA exercise, the most critical step is to select a cumulative risk 
assessment group (CAG). The inclusion in the CAG has to be based on one or more of the 
following criteria (EFSA 2009b): 
 Chemical structure – toxicophores, based on core molecule structure, specific 
functional groups or their metabolite precursors. 
 Mechanism of pesticidal action – the mechanism of mammalian toxicity of a number 
of pesticides is similar to that responsible for their activity against target organism. 
 General mode/mechanism of mammalian toxicity – this is based on a relative broad 
consideration of the mode of action and not detailed evaluation of key events. 
 A specific toxic effect – it is possible that similar toxic effects are caused by 
structurally unrelated compounds via the same mode of action (MOA). Non-specific 
effects such as changes in body weight or death should not be used as a basis for 
membership of a CAG. 
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Table 6-1: Overview of risk assessment methods of compound mixtures based on data of single compounds (Reffstrup 2010) 
Procedure Required data Applicability Assumptions Advantages Disadvantages 
Hazard index (HI) Maximum 
acceptable level for 
each compound 
(e.g RfD orADI). 
Exposure data 
Compounds having 
adequate dose-
response data, as well 
as exposure data at 
low level. HI is also 
used for compounds 
with similar target 
organs 
Simple similar action-
toxicological similarity 
Transparent , 
understandable, 
relates directly to long 
used and well-
understood measure 
of acceptable risk e.g 
RfD or ADI 
RfD (or ADI) is not an 
appropriate point of 
departure – it involves an UF 
(subjective). If the UFs are 
not the same for all 
compounds in the mixture 
this will affect the result 
Relative potency 
factor (RPF) 
Toxicity data for 
each compound, 
dose-response data 
for the index 
compound. 
Exposure data 
Some data available – 
restricted by similar 
and to specific 
conditions 
Simple similar action- 
toxicological similarity, 
but for specific 
conditions (end point, 
route, duration). It is 
supposed to account for 
mixtures with different 
mode of action 
Transparent, 
understandable, 
relates directly to real 
exposure and toxicity 
data 
Complicated to use. Relies on 
the availability of dose-
response data for the index 
compound 
Toxicity 
equivalency factor 
(TEF) 
Toxicity data for 
each compound, 
dose-response data 
for the index 
compound. 
Exposure data 
 
Data seldom available. 
A TEF value is applied 
to all end points; 
therefore method 
restricted to mixtures 
of compounds with 
strong similarity – few 
chemical classes will 
qualify 
Simple similar action- 
toxicological similarity 
across end points 
Transparent, 
understandable, 
relates directly to real 
exposure and toxicity 
data 
In some cases complicated to 
use. Relies on the availability 
of dose-response data for the 
index compound 
Margin of 
exposure for 
mixtures (MOE) 
 
 
 
Point of departure 
(e.g. NOAEL or 
BMD10). Exposure 
data 
 
 
Compounds having 
adequate dose-
response data, as well 
as exposure 
 
 
Simple similar action- 
toxicological similarity 
 
 
 
 
Relates directly to real 
exposure and toxicity 
data – not based on a 
policy driven 
parameter like ADI 
 
No criteria for defining the 
magnitude for an acceptable 
MOE 
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Point of departure 
index (PODI) 
Point of departure 
(e.g. NOAEL or 
BMD10). Exposure 
data 
Compounds having 
adequate dose-
response data, as well 
as exposure 
Simple similar action- 
toxicological similarity 
Relates directly to real 
exposure and toxicity 
data – not based on a 
policy driven 
parameter like ADI 
No criteria for defining the 
magnitude for an acceptable 
PODI 
Cumulative risk 
index (CRI) 
Point of departure 
(e.g. NOAEL or 
BMD10) or 
maximum 
acceptable level 
Compounds having 
adequate dose-
response data, as well 
as exposure 
Simple similar action- 
toxicological similarity 
Combines MOEs for 
chemicals with 
different UFs 
RfD (orADI) is not an 
appropriate POD – it involves 
an UF (subjective). Not as 
transparent and 
understandable as the HI. 
Complex calculations 
Response addition Toxicity data 
measured as a 
fraction of 
responding. Good 
dose-response 
data. Exposure 
data 
Data seldom if ever 
available 
Simple dissimilar action- 
Bliss independence 
Mathematically easy  Data applicability is low 
Interaction hazard 
(HII) 
Maximum 
acceptable level for 
each compound, a 
number of 
weighting factors. 
Exposure data 
Data seldom if ever 
available 
Binary interactions are 
most important. 
Magnitude of 
interaction depends on 
proportions of the 
compounds – dose 
depndent 
Supposed to account 
for interactions 
(binary) 
Complex to determine the 
BINWOE. Weighting factors 
are not supported by 
experimental data. No 
guidance for selecting UFs for 
interactions and interactions 
are only represented by 
these 
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6.1.2 Cumulative risk assessment of organophosphates and carbamates 
 
CRA of organophosphates and carbamates has been performed in various countries like 
Brazil (Caldas 2006), The Netherlands (Boon, Van der Voet, Van Raaij, & Van Klaveren 
2008;Boon and Van Klaveren 2003), Denmark (Jensen et al. 2003;Jensen et al. 2009);  and 
USA (Castorina et al. 2003;EPA 2002). CRA of organophosphates and carbamates is based on 
the fact that the two groups of pesticides have a common toxic effect of inhibiting 
acetlycholinesterase (AChE), a process that can lead to accumulation of the 
neurotransmitter acetylcholine at the nervous terminal after acute exposure, with potential 
to alter neurological development in humans (Ahlbom 1995). Since these pesticides share a 
common mechanism of action the toxic equivalency approach was used in the studies 
mentioned above. The approach can be called toxicity equivalency factor (TEF), relative 
potency factor (RPF) or potency equivalence factor (PEF) but all the names refer to a process 
whereby the concentrations of individual compounds are normalised to yield an equivalent 
concentration for one of the compounds nominated as the “index compound”. However, 
there is a difference between TEF and RPF in the toxicological endpoints used; TEF is applied 
to compounds with a very strong similarity while RPF can be applied to compounds which 
have a common specific toxicological end point. The RPF is defined as the ratio between the 
toxicological endpoint of a compound and that of the index compound (Caldas 2006). An 
index compound should be a compound with an extensive toxicological database. It is 
usually one of the best studied compounds within the group (Wilkinson 2003; Boon 2003). 
In our studies we conducted the cumulative risk assessment of the organophosphates and 
carbamates using the RPF method in the Belgian diet using pesticide residue data from the 
Crop Protection Chemistry Laboratory (Dejonckheere et al. 1996).  
6.2 Materials and methods 
 
6.2.1 Residue data and relative potency factors (RPF) 
 
Sampling and pesticide residues analysis was performed as described in chapter 4 (section 
4.2.1). The fruits and vegetable samples were also passed through washing, peeling, boiling, 
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frying and stewing processes. Cumulative risk assessment was performed for both raw and 
processed samples. The 97.5 percentile residue concentration was used for estimating acute 
cumulative risk assessment (ARfD). 
Relative potency factors were calculated using chlorpyrifos as an index compound. 
Chlorpyrifos was also used as an index compound in the cumulative risk assessment of the 
organophosphorus  and carbamate pesticides (Jensen 2009). The other compounds that had 
been used as index compounds were not detected in our samples. The RPFs were derived 
from either using benchmark dose at 10% (BMD10) acetylcholinesterase inhibition  in the rat 
brain or the no-observed adverse effect level (NOAEL) with inhibition of acetylcholinesterase 
in brain or red blood cells. The BMD10 and NOAEL values were obtained from the already 
published studies (Boon et al, 2008; ). The BMD10, NOAEL and RPF are shown in table 6-2 
RPF = 
           
              
  or  
           
              
 
Table 6-2: Relative potency factors used in the cumulative assessment 
Pesticide NOAEL (mg/kg) BMD10 (mg/kg) Species and type of AChE RPF 
Carbamates 
    Carbaryl 
 
1.58 Rat/brain 0.8418 
Methiocarb 
 
1.31 Rat/RBC 1.0153 
Methomyl 
 
0.49 Rat/brain 2.7143 
Pirimicarb 
 
11.96 Rat/brain 0.1112 
  
    Organophosphates 
    Chlorfenvinphos 0.5 
 
Rat/brain 0.2000 
Chlorpyrifos (index 
compound)* 0.1 1.33 Rat/brain 1.0000 
Chlorpyrifos-methyl 
 
16 Rat/brain 0.0831 
Diazinon 
 
8 Rat/brain 0.1663 
Dimethoate 
 
0.25 Rat/brain 5.3200 
Heptenophos 0.5 
 
Rat/RBC 0.2000 
Malathion 
 
266.67 Rat/brain 0.0050 
Parathion 
 
0.5 Rat/RBC 2.6600 
Pirimiphos-methyl 
 
2 Rat/brain 0.6650 
Pyrazophos 2.1 
 
Rat/brain 0.0476 
Tetrachlorvinphos 
 
60.69 Rat/brain 0.0219 
Tolclofos-methyl 790 
 
Rat/brain 0.0001 
*Rat/RBC  NOAEL (Cochran et al. 1995) 
NOAEL and BMD10 values obtained from Boon et al. 2008 
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6.2.2 Food consumption data 
 
The consumption of the fruits and vegetables that were found to contain organophosphates 
and carbamates pesticide residues were extracted from the Belgian Food Consumption 
Survey Database of the survey carried out in 2004 by the Belgian Scientific Institute of Public 
Health (SIPH, 2007). The information was gathered from two non-consecutive 24hours food 
recalls. This method involves the subject being interviewed to recall what they ate and drank 
during the day before the interview. The diet intake information from the 24hour recalls was 
obtained by means of a software programme named EPIC-soft. The average food 
consumption (figure 6-3) was calculated from the diet whereby the fruit or vegetable is used 
as the main ingredient and from other dishes where it is combined with other foods like 
salads and soups. 
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Table 6-3:Average consumption of samples that tested positive for organophosphates and 
carbamates 
Sample Consumption (g/day) No of pesticides detected 
Apple 144.5 2 
Bananas 130.1 1 
Carrots 59.8 3 
Cucumbers 51.4 1 
Celery leaves 16.1 3 
Endives 112.8 4 
Grapes 120.9 4 
Lambs lettuce 22.1 3 
Lettuce 30.5 4 
Oranges 172.9 1 
Parsley 2.1 6 
Peppers 25.5 4 
Radishes 42.8 1 
Spinach 101.6 2 
 
6.2.3 Cumulative risk assessment 
 
Individual estimated acute daily intake (EDI) of pesticide residues as chlorpyrifos equivalents 
(chl-eqv) were calculated as follows: 
EDIChl-eqv = ∑,food consumption (kg food/person/day) x (pesticide concentration 
(mg/kg food)}/body weight(kg) X RPF 
Individual acute estimated daily intake of pesticide residues as chlorpyrifos equivalents 
(EDIChl-eqv) from processed fruits and vegetables was calculated as follows: 
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Processed EDIChl-eqv = ∑,food consumption (kg food/person/day) x (pesticide 
concentration in processed food (mg/kg food)}/body weight(kg) x RPF 
The average WHO recommended body weight, 60kg, was used in all the calculations (WHO 
1997). The average body weight reported by the respondents during the food consumption 
could be used but it has some limitations associated with it. The respondents may give 
inaccurate weight due to social desirability and this may bias the response (Connor Gorber et 
al. 2007). The EDIChl-eqv for all the compounds were combined and compared to the acute 
reference dose (ARfD) for chlorpyrifos. 
6.3 Results 
 
A total of 12 organophosphorus and 4 carbamate pesticide were detected in the fruits and 
vegetable samples analysed. Parsley had a higher number of pesticides (6) followed by 
endives, grapes and peppers which had 4 pesticides each. The numbers of the pesticides are 
shown in table 6-3. 
The AChE inhibiting pesticides with higher RPF values were dimethoate (5.32), methomyl 
(2,7) and parathion (2.66) with methiocarb having slightly more than 1 (1.01). The dietary 
acute cumulative risk assessment results are shown in table.6.4 A more detailed table of 
calculation can be found on Appendix C The dietary risk assessment was based on 
chlorpyrifos equivalence hence the exposure was compared to the ARfD of chlorpyrifos. The 
most contributing AChE inhibiting pesticide to the ARfD before processing was parathion 
(15%) and methomyl (13%). However after processing the most contributing AChE inhibiting 
pesticide was methomyl (11.6%) with parathion only contributing 3% of the total ARfD. The 
total exposure before processing was 33% ARfD and was reduced to 18% after processing. 
Parathion was found in a total of 25 samples; celery leaves (10), parsley (6), spinach (8) with 
endive, lettuce and lambs lettuce having one sample each. 
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Table 6-4: Acute cumulative exposure using chlorpyrifos as index compound 
Pesticides  
EDI chl 
eqv 
Adj-EDI 
chl eqv 
EDI/ARfD 
(%) chl eqv 
Adj-EDI/ ARfD (%) 
chl eqv 
Carbamates 
    Carbaryl 3,22E-04 3,22E-04 0,3223 0,3223 
Methiocarb 7,89E-05 5,35E-05 0,0789 0,0535 
Methomyl 1,30E-02 1,16E-02 13,0051 11,5610 
Pirimicarb 1,76E-04 3,10E-05 0,1760 0,0310 
Organophosphates 
    Chlorfenvinphos 2,15E-04 2,27E-05 0,2153 0,0227 
Chlorpyrifos 1,26E-03 1,01E-03 1,2624 1,0093 
Chlorpyrifos-methyl 1,67E-05 1,67E-05 0,0167 0,0167 
Diazinon 1,68E-05 4,81E-06 0,0168 0,0048 
Dimethoate 2,43E-03 2,15E-03 2,4343 2,1525 
Heptenophos 5,81E-06 5,20E-06 0,0058 0,0052 
Malathion 8,61E-07 1,27E-06 0,0009 0,0013 
Parathion 1,48E-02 3,00E-03 14,7757 3,0006 
Pirimiphos-methyl 1,65E-04 4,02E-05 0,1649 0,0402 
Pyrazophos 9,30E-05 7,20E-05 0,0930 0,0720 
Tetrachlorvinphos 1,19E-04 2,18E-05 0,1190 0,0218 
Tolclofos-methyl 1,49E-07 1,12E-07 0,0001 0,0001 
Total 3,27E-02 1,83E-02 32,6872 18,3149 
 
 
6.4 Discussion 
 
The RPF approach was used to calculate cumulative exposure to organophosphates and 
carbamate pesticides because they have been found to have some level of additivity (Van 
Raaij et al. 2005)). Parathion was found to be the most contributing AChE pesticide to the 
total ARfD. This was similar to the other studies carried out in the Dutch diet (Boon 2003) 
even though they were using different index compounds (acephate and phosphomet). They 
attributed that to high values of RPFs. Apparently, this seems to be the case in our studies, 
parathion is one of the pesticides with high RPFs.  In our calculations, NOAEL was used to 
calculate RPFs of 4 compounds; chlorfenvinphos, heptenophos, pyrazophos, tolclofos-
methyl. For the other pesticides  BMD10 was used to calculate the RPFs. Jensen et al. (2009) 
observed that  when BMD-derived RPFs are used the exposure is higher than when NOAEL-
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derived RPFs are used. This was also observed in our studies even though the number of the 
pesticides involved was less than in the Danish studies.  
Table 6-5 Overview of cumulative exposure reported in literature to organophosphate and 
carbamates. 
Pesticides Index compounds Exposure (99.9) - % 
ARfD index 
compound 
Reference 
OPs and carbamates Acephate 
Phosphomet 
27 
59 
Boon (2003) 
OPs 
Carbamates 
Acephate 
Oxamyl 
46 
7 
Boon (2008) 
OPs and carbamates Methamidophos 
Acephate 
34 
70 
Caldas (2006) 
OPs Methamidophos 11 EPA 2006 
Carbamates Oxamyl 18 EPA (2005) 
OPs and carbamates Chlorpyrifos 
Methamidophos 
0.8 
13.8 
Jensen (2009) 
 
The total acute cumulative risk exposure was less than 50% of the index compound, 
chlorpyrifos for both raw and processed fruits and vegetables. The percentages are in the 
same range of studies done in The Netherlands (Boon 2003) and Brazil (Caldas 2006) even 
though they were using different IC and a higher percentile for exposure (99.9). In these 
studies, residue data were obtained from national monitoring programmes and were 
adjusted using processing factors to account for the processing procedures in ready to eat 
foods. Overview of acute cumulative studies of organophosphates and carbamates done in 
other countries are shown in table 6-5. The findings are higher than the ones from a Danish 
study (Jensen 2009) that also used chlorpyrifos as an index compound. This might be 
because the usage of some of the pesticides has been discontinued in recent years. 
The limitations of the studies were that the consumption data used was from only two 24-hr 
recalls which might not give a good indication of the usual dietary intake. A large number of 
days of intake data are typically needed to determine usual intake for an individual. 
Insufficient number of days can cause considerable bias in the estimating intakes (Willett 
1998). However, the consumption data is representative of the Belgian population since it 
was a national study. 
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6.5 Conclusion 
 
Acute cumulative risk assessment of organophosphates and carbamates during the time of 
the study did not pose any risk to the consumers. The risk was estimated to be 33% of the 
ARfD chlorpyrifos in raw fruits and vegetables but was reduced to 18% after processing. 
Parathion and methomyl were the highest contributors to the cumulative risk assessment. In 
recent years, the uses of some pesticides have been discontinued in Europe and this might 
reduce the exposure even more. 
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CHAPTER 7: GENERAL DISCUSSIONS, CONCLUSIONS AND 
RECOMMENDATIONS 
 
7.1 General discussions 
 
7.1.1 Impact of processing on pesticide residues 
The effects of food processing on pesticide residues have been carried out on fruits and 
vegetables and the results show both increase and reduction of the pesticide residues. 
Blanching, frying, peeling and washing processes result in reduction of pesticide residues 
while boiling, canning and juicing can have both reduction and concentration of the pesticide 
residues (Keikotlhaile et al. 2010a). The impact of processing is used in refining dietary 
exposure estimations from raw agricultural commodities by including processing factors in 
the calculations. In both deterministic and probabilistic dietary intake estimates, a single 
processing factor is used in the calculations. In chapter four, processing factors of pesticide 
residues in fruits and vegetables were fitted to distribution software that resulted in 
different distributions: lognormal, weibull, generalised extreme value and laplace. It was 
suggested that the processing distributions could be used in probabilistic dietary intake 
estimations to reflect random situations the consumer could be exposed to. 
7.1.2 Determination of processing factors by meta-analysis 
 In order to figure out the overall effect of a processing method, meta-analysis, a systematic 
review involving statistical analysis that quantitatively summarises combined magnitude of 
the results obtained from independent experiments was conducted (chapter three). A meta-
analysis of response ratios was chosen for the analysis since it measures the response of the 
treated sample divided by the response of the untreated sample. This is similar to calculation 
of processing factors when investigating effects of processing, residues in processed food 
divided by the residue in the unprocessed food. The method was applied to the results of 
the following processes obtained from literature: baking, blanching, boiling, canning, frying,  
juicing, peeling, washing and washing combined with other techniques. The average 
processing factors indicated reduction of pesticide residues except for baking. However 
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when considering the confidence limits the results indicated possible concentration for 
boiling, canning and juicing processes. This was attributed to moisture loss that can happen 
during the processing. The results implicate that processors should exercise caution in order 
not to concentrate the residues to unsafe levels. 
The limitation of the meta-analysis was that a lot of the relevant articles published do not 
have standard deviation values for the analyses and do not mention the number of samples 
used in the experiments. These data are required in carrying meta-analysis of response 
ratios. Therefore the number of analyses was reduced and that might have an effect on the 
obtained processing factors. 
7.1.3 Impact of new processing methods on pesticide residues 
From the literature review (chapter one and two) it was noted that there were limited 
articles covering effects of steaming and microwaving on pesticide residues in fruits and 
vegetables. These are the new methods of cooking which are claimed to preserve nutrients 
more than the traditional ways of cooking. Steaming resulted in concentration of 
polyphenols in broccoli (Gliszczynska-Swiglo et al. 2006) and did not show any significant 
decrease in folate content of broccoli and spinach (McKillop et al 2002). Trials of steaming 
vegetables (potatoes, courgette, beetroots and carrots) fortified with pesticides 
(chlorpropham, bifenthrin, tebuconazole, tolylfluanid and deltamethrin) were conducted in 
the laboratory (Keikotlhaile et al. 2010b). The peel and the flesh of the vegetables were 
analysed separately. Chlorpropham was concentrated to 250% during steaming. Tolyfluanid 
in courgette peel was reduced to undetectable levels. Tebuconazole in carrots was 
concentrated (60%) and reduced in broccoli (30%). However, future studies were 
recommended for the experiment to be repeated with field sprayed vegetable and be 
analysed after pre-harvest interval. 
7.1.4 Impact of processing on pesticide metabolites 
It was also discovered that effects of processing on pesticide metabolites was limited on 
public literature (chapter one and chapter two). Food processing techniques, especially 
those involving use of heat are known to result in formation of metabolites (Holland, 2004). 
The resulting metabolites can be more toxic than the parent compound, for example, 
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paraoxon is more toxic than parent pesticide parathion. From the literature review, one 
metabolite investigated was, 3,5,6-trichloro-pyridinol (TCP) ,  a metabolite of chlorpyrifos 
(Byrne 2004; Randhawa 2007). Byrne (2004) found that TCP increased in canned sweet 
potatoes (68%) and winter squash (38%). Randhawa (2007) also found increase of TCP in 
cooked tomatoes and okra. Even though TCP was found to increase during processing, it is 
not considered toxic at low levels. It has not shown any fetotoxic or teratogenic behaviour in 
either rats or rabbits studies (Hanley et al. 2000).  
7.1.5 Impact of consumption data on dietary assessment 
The data sets should be sufficiently representative of the consumption patterns of the 
concerned population or subgroup. For example, consumption data for both high and low 
income groups should be interviewed about their eating habits, otherwise the survey would 
miss real impacts on dietary choices (EPA 2000). The size of the food consumption data 
should be sufficiently large. The food consumption data used in the current studies (chapter 
four, five and six) was from a Belgian national survey and assumed to be sufficiently large 
enough to encompass representative consumers. However, the limitations of the studies 
might be that the consumption data used was from only two 24-hr recalls which might not 
give a good indication of the usual dietary intake. A large number of days of intake data are 
typically needed to determine usual intake for an individual. New food surveys that include 
more days of dietary intake could be included in future. 
7.1.6 Representativity of residue data 
The reliability of the estimated exposures depends on the quality of the data used in the 
exposure model. The data sets should be sufficiently representative of the residues in fruits 
and vegetables consumed by the concerned population or subgroup. The market basket 
studies give a more representative picture of the amounts of pesticide residues in food since 
they collected a point of sale to the consumer (EPA 2000). Effects of processing should be 
included to reflect the real situation at the time of consumption. The Belgian database 
(chapter four, five and six) used in the dietary estimates was from a market basket study, 
therefore it reflects real situation. The processing effects were also taken into account since 
the samples were processed. It can be concluded that the representativity of the data 
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adequate. It has been found that using surveillance data can result in overestimation of 
exposure (EPA 2000; Hamilton 2004). 
7.1.7 Carcinogenicity assessment 
Carcinogenicity is one of the unwanted health effects of exposure to pesticides. In Belgium, 
the exposure to pesticides with carcinogenic potential was not investigated during the time 
the market survey was carried out. To estimate the carcinogenic potential risk, a method 
combining exposure and the cancer potency factor of the pesticides was used (Chapter 5). 
From the residue data 13 individual pesticide and dithiocarbamates were identified as 
potential carcinogens. The cancer potential was calculated before and after processing. The 
oncogenic potential was 2.76 x10-3 and was reduced to 8.97 x 10-4 after processing indicating 
a reduction of 67%. The oncogenic potential was higher than the EPA safety limit of 1 x10-6. 
Even though the data was from the 1990s, a cancer has a long duration before the 
symptoms appear. The results may be used to explain some oncogenic problems in the 
future. 
The limitation of the method was said to be conservative and can over-estimate the true 
values (NRC 1987). However it could indicate areas of concern for further investigation. The 
oncogenic potential factor is derived by including all the tumours resulting from the 
experiments, but not all the tumours are cancerous. 
7.1.8 Cumulative risk assessment 
One of the major concerns in recent years is exposure to mixtures of chemicals including 
pesticide residues. Cumulative exposure of organophosphates and carbamates was 
suspected to result in acute risk to the consumers.  Using the laboratory database, a 
cumulative assessment was carried out for the two groups of pesticides: 4 carbamates and 
12 organophosphates were identified and used for the calculations (Chapter 6).  The results 
indicated that there was no risk posed by exposure of organophosphates and carbamates 
through the consumption of fruits and vegetables. Limitations of the method is that there is 
no standardised method of performing cumulative risk assessment and using different index 
compounds can result in different conclusions (EFSA 2009b)). Also using different endpoints 
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like BMD10 and NOAEL can result in different conclusions. Chronic intake of the two groups 
was not performed because the chronic NOAELs were difficult to find in open literature. 
 
7.2 Conclusions 
From the whole thesis it can be concluded that food processing in most cases reduced the 
exposure of pesticide residues to the consumers. This was evident from the meta-analysis 
investigation since most of the processes had average processing factors of less than one. 
The human health impact assessment of oncogenic risk exposure and acetylcholinesterase 
inhibiting compounds supported the findings. However other methods of processing that 
were not covered such as microwave cooking and steaming still needs to be investigated. 
 
7.3 Recommendations for further research 
 
Meta-analysis studies were focused mainly on effects of processing methods regardless of 
the pesticide group and the type of fruit or vegetable.  Further research in this area could 
focus on the effect of the processing method on a single type of fruits or vegetables to refine 
the processing factor more. This can also include the investigation of distribution displayed 
by the samples. 
From the literature review we noticed a gap in the availability of studies evaluating methods 
of cooking such as steaming and microwave on pesticide residues. The methods can be 
studied in order to provide their processing factors. 
During risk assessment investigations there was no risk identified using the pesticide data, 
however, potential oncogenic risk and cumulative risk assessment can be investigated with 
the newly registered pesticides. The consumption database used was from only two 24-hr 
recalls which might not give a good indication of the usual dietary intake therefore new food 
surveys that include more days of dietary intake could be included in future. 
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Appendix A: Pesticide residues and samples found in meta-analysis studies 
Processing Substance group Active ingredient Matrix Frequency Total 
Baking Organophosphate Chlorpyrifos Apples 1   
    
 
Cherries 1   
    
 
Peppers 2   
    
 
Sweet potato, peel 1   
    
 
Winter squash, peel 1   
    
 
Winter squash, pulp 1   
          7 
  Metabolite 3,5,6-Trichloro-2-pyridinol Apples 1   
    
 
Peppers 2   
    
 
Winter squash, pulp 1   
          4 
Blanching Dithiocarbamate Ethylenebisdithiocarbamates Asparagus 1   
    
 
Tomatoes 1   
          2 
  Organophosphate Acephate Artichoke 1 1 
    Chlorpyrifos Artichoke 1   
    
 
Asparagus 2   
    
 
Tomatoes  1   
    
   
4 
    Profenos Peppers 1   
    
 
Eggplant 1   
          2 
  Pyrethroid Cypermethrin Asparagus 1 1 
            
Boiling Anilinopyrimidine Pyrimethanil Apples 1   
    
 
Strawberries 1   
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          2 
  Dicarboximide Iprodione Apples 1 1 
  Dithiocarbamate Maneb Tomatoes 1 1 
  Hydroxyanilide Fenhexamid Tomatoes 1 1 
  Organochlorine Endosulfan Apples 3 3 
  Organophosphate Chlorpyrifos Apples 2   
    
 
Broccolli 1   
    
 
Cabbage 1   
    
 
Cauliflower 1   
    
 
Cherries  1   
    
 
Eggplant 1   
    
 
Green beans 2   
    
 
Okra 1   
    
 
Peaches 1   
    
 
Peppers 2   
    
 
Potato 1   
    
 
Spinach 1   
    
 
Sweet potato 1   
    
 
Tomatoes 1   
    
 
Winter Squash 1   
    
   
18 
    Fenitrothion Apples 1   
    
 
Kaki 1   
    
   
2 
    Quinalphos Apples 1 1 
  Oxazole Vinclozolin Apples 1 1 
  Pyrethroid Cypermethrin Apples 1   
    Deltamethrin Apples 1   
    Fenpropathrin Apples 1   
    Lambda-cyhalothrin Apples 1   
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          4 
  Strobilurin Kresoxim-methyl Apples 1 1 
  Sulphamide Tolylfluanid Apples 2   
    
 
Strawberries 1   
          3 
  Triazole Fluquinconazole Apples 1   
    Tetraconazole Apples 1   
          2 
  Metabolite 3,5,6-Trichloro-2-pyridinol Apples 1   
    
 
Cauliflower 1   
    
 
Eggplant 1   
    
 
Green beans 1   
    
 
Okra 1   
    
 
Peppers 1   
    
 
Potato 1   
    
 
Spinach 1   
    
 
Sweet potato 1   
    
 
Tomatoes 1   
    
 
Winter squash 1   
          11 
Canning Dithiocarbamate Thiram Peaches 1 1 
  Organochlorine Endosulfan Tomatoes 1 1 
  Organophosphate Acephate Peaches 2 2 
    Chlorpyrifos Apples 1   
    
 
Asparagus 1   
    
 
Cherries  1   
    
 
Green beans 2   
    
 
Peaches 1   
    
 
Peppers 1   
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Sweet potato 1   
    
 
Winter Squash 1   
          11 
  Pyrethroid Cypermethrin Asparagus 1   
    
 
Tomatoes 2   
    
   
3 
    Deltamethrin Tomatoes 1 1 
  Metabolite 3,5,6-Trichloro-2-pyridinol Apples 1   
    
 
Cherries  1   
    
 
Green beans 2   
    
 
Peaches 1   
    
 
Sweet potato 1   
    
 
Winter Squash 1   
          7 
Frying Chloronitrile Chlorothalonil Cabbage 1 1 
  Organochlorine p,p-DDT Cabbage 1 1 
  Organophosphate Chlorpyrifos Cabbage 1   
    Profenos Eggplant 1   
    
 
Hot peppers 1   
    
 
Sweet peppers 1   
    
   
3 
  Pyrethroid Cypermethrin Cabbage 1 1 
Juicing Carbamate Carbofuran Carrots 2   
    
 
Tomatoes 2   
          4 
  Dicarboximide Iprodione Carrots 2   
    
 
Tomatoes 2   
          4 
  Dithiocarbamate Mancozeb Tomatoes 1 1 
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  Organochlorine Endosulfan Carrots 2   
    
 
Tomatoes 2   
          4 
  Organophosphate Chlorpyrifos oranges 1   
    Diazinon Carrots 2   
    
 
Tomatoes 2   
    
   
4 
    Parathion Carrots 2   
    
 
Tomatoes 2   
          4 
  Phenylamide Metalaxyl Carrots 2   
    
 
Tomatoes 2   
          4 
  Phthalimide Captan Tomatoes 2 2 
  Pyrethroid Cypermethrin Carrots 1   
      Tomatoes 1   
  Metabolite 3,5,6-Trichloro-2-pyridinol Oranges 1   
Peeling Dicarboximide Procymidone Cucumber 1 1 
  Dithiocarbamate Ethylenebisdithiocarbamate Asparagus 1 1 
    Thiram Peaches 1 1 
  Organophosphate Acephate Peaches 1 1 
    Chlorpyrifos Asparagus 2   
    
 
Eggplant 1   
    
 
Peppers 1   
    
 
Potato 1   
    
   
5 
    Fenitrothion Kaki 1 1 
  Oxazole Vinclozolin Cucumber 1 1 
  Phenylamide Metalaxyl Potato 1 1 
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  Pyrethroid Cypermethrin Asparagus 1 1 
    Tralomethrin Tomatoes 1 1 
  Pyridazinone Pyridaben Tomatoes 1 1 
  Pyridine Pyrifenox Tomatoes 1 1 
  Metabolite 3,5,6-Trichloro-2-pyridinol Eggplant 1   
    
 
Potato 1   
          2 
Washing Acylalanine Benalaxyl Grapes 1 1 
  Anilinopyrimidine Pyrimethanil Strawberries 1 1 
  Carbamate Carbofuran Carrots 2   
     Tomatoes 2   
    Pirimicarb Nectarines 1   
          5 
  Chloronitrile Chlorothalonil Cabbage 1 1 
  Dicarboximide Iprodione Apples 1   
     Carrots 2   
     Grapes 1   
     Nectarines 1   
     Tomatoes 2   
      
 
7 
    Procymidone Cucumber 1   
     Grapes 1   
          2 
  Dithiocarbamate Ethylenebisdiothiocarbamate Asparagus 1   
    
 
Spinach 1   
    
 
Tomatoes 1   
    
   
3 
    Mancozeb Carrots 1   
    
 
Tomatoes 2   
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          3 
  Hydroxyanilide Fenhexamid Strawberries 1 1 
  Organochlorine p,p-DDT Cabbage 1 1 
    Endosulfan Apples 3   
    
 
Carrots 2   
    
 
Tomatoes 3   
          8 
  Organophosphate Acephate Peaches 1   
    Chlorpyrifos Apples 1   
    
 
Asparagus 2   
    
 
Cabbage 1   
    
 
Cauliflower 1   
    
 
Eggplant 1   
    
 
Nectarines 1   
    
 
Okra 1   
    
 
Potato 1   
    
 
Spinach 1   
    
 
Tomatoes 2   
    
   
13 
    Diazinon Carrots 2   
    
 
Tomatoes 2   
    
   
4 
    Dimethoate Grapes 1 1 
    Fenitrothion Apples 1 1 
    Malathion Nectarines 1 1 
    Methidathion Nectarines 1 1 
    Parathion Carrots 2   
    
 
Tomatoes 2   
    
   
4 
    Parathion-methyl Nectarines 1 1 
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    Phosalone Grapes 1 1 
    Profenos Eggplant 1   
    
 
Peppers 2   
    
   
3 
    Quinalphos Apples 1 1 
  Oxazole Vinclozolin Apples 1   
    
 
Cucumber 1   
    
 
Grapes 1   
          3 
  Phenylamide Metalaxyl Carrots 2   
    
 
Grapes 1   
    
 
Tomatoes 2   
          5 
  Phthalimide Captan Tomatoes 2 2 
  Pyrethroid Cypermethrin Apples 1   
    
 
Asparagus 1   
    
 
Cabbage 1   
    
 
Carrots 1   
    
 
Tomatoes 2   
    
   
6 
    Deltamethrin Apples 1   
    
 
Tomatoes 1   
    
   
2 
    Fenpropathrin Apples 1 1 
    Lambda-cyhalothrin Apples 1 1 
    Tralomethrin Tomatoes 1 1 
  Pyridazinone Pyridaben Tomatoes 1 1 
  Pyridine Pyrifenox Tomatoes 1 1 
  Pyrimidine Fenarimol Nectarines 1 1 
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  Strobulin Kresoxim-methyl Apples 1 1 
  Sulphamide Tolylfluanid Apples 1   
    
 
Strawberries 1   
          2 
  Triazole Myclobutanil Nectarines 1 1 
  Metabolite 3,5,6 -Trichloro-2-pyridinol Cauliflower 1   
    
 
Eggplant 1   
    
 
Okra 1   
    
 
Potato 1   
    
 
Spinach 1   
    
 
Tomatoes 1   
          5 
Washing plus Benzimidazole Benomyl Apples 1   
    
 
Apricots 1   
    
 
Peaches 1   
    
 
Pears 1   
    
 
Strawberries 1   
          5 
  Chloronitrile Chlorothalonil Green beans 1 1 
  Dicarboximide Iprodione Apples 2 2 
  Dithiocarbamate Ethylenebisdithiocarbamate Apples 1   
    
 
Green beans 1   
    
 
Lettuce 1   
    
 
Peaches 1   
    
 
Pears 1   
    
 
Spinach 1   
    
 
Strawberries 1   
          7 
  Organochlorine Dicofol Tomatoes 1 1 
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    Endosulfan Apples 6   
    
 
Green beans 1   
    
 
Lettuce 1   
    
 
Tomatoes 1   
          9 
  Organophosphate Acephate Peaches 1 1 
    Chlorpyrifos Apples 2 2 
    Diazinon Apples 1 1 
    Fenitrothion Apples 2 2 
    Quinalphos Apples 1 1 
  Oxazole Vinclozolin Apples 2 2 
  Phthalimide Captan Apricots 1   
    
 
Carrots 1   
    
 
Grapes 1   
    
 
Peaches 1   
    
 
Strawberries 1   
    
 
Tomatoes 1   
          6 
  Pyrethroid Cypermethrin Apples 2 2 
    Deltamethrin Apples 2 2 
    Fenpropathrin Apples 2 2 
    Lambda-cyhalothrin Apples 2 2 
  Strobilurin Kresoxim-methyl Apples 2 2 
  Sulphamide Tolylfluanid Apples 2 2 
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Appendix B: Calculations for possible pesticides oncogenic risk from fruits and vegetables 
Pesticides samples Sample Pre-processing Post-processing Consumption EDI Adj-EDI Q* Dietary OR Adj Dietary OR 
    No. (mg/kg) (mg/kg)  / day (g)           
Captan currants 2 1,67 0,24 96,8 0,161656 0,023232       
  pears 5 0,08 0,008 150 0,012 0,0012       
  strawberries 4 0,483 0,203 123 0,059409 0,024969       
    11       0,233065 0,049401 2,30E-03 8,93E-06 1,89E-06 
Carbaryl grapes 1 0,19 0,34 120,9 0,022971 0,041106 8,75E-04 3,35E-07 5,99E-07 
Carbendazim apples 1 0,29 0,03 144,5 0,041905 0,004335       
  bananas 3 0,06 0,032 130,1 0,007806 0,004163       
  grapes 2 0,425 0,46 120,9 0,051383 0,055614       
  lemons 1 1 0,15 16,7 0,0167 0,002505       
  mushrooms 11 1,173 0,69 33 0,038709 0,02277       
  peas 2 0,49 0,305 90,3 0,044247 0,027542       
  strawberries 25 1,175 0,326 123 0,144525 0,040098       
    45 
 
    0,345275 0,157027 2,39E-03 1,38E-05 6,25E-06 
Chlorothalonil parsley 1 9,72 1,34 2,1 0,020412 0,002814       
  peppers 1 0,77 0,583 25,9 0,019943 0,0151       
    2       0,040355 0,017914 2,40E-02 1,61E-05 7,17E-06 
Dithiocarbamates celery leaves 16 7,68 0,2 16,1 0,123648 0,00322       
  endive 45 2,92 0,34 112,8 0,329376 0,038352       
  lambs lettuce 27 5,77 2,31 22,1 0,127517 0,051051       
  lettuce 16 6,03 1,11 30,5 0,183915 0,033855       
  strawberries 1 3,3 2,1 128,9 0,42537 0,27069       
    105       1,189826 0,397168 1,76E-02 3,49E-04 1,17E-04 
Folpet strawberries 1 1,79 0,77 128,9 0,230731 0,099253 3,50E-03 1,35E-05 5,79E-06 
Imazalil bananas 12 0,515 0,053 130,1 0,067002 0,006895 6,10E-02 6,81E-05 7,01E-06 
Iprodione celery leaves 3 9,28 1,589 16,1 0,149408 0,025583       
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  endive 2 1,51 1,06 112,8 0,170328 0,119568       
  kiwi 1 0,94 0,01 81,3 0,076422 0,000813       
  lambs lettuce 48 5,406 3,862 22,1 0,119473 0,08535       
  lettuce 22 5,275 2,027 30,5 0,160888 0,061824       
    76       0,676518 0,293138 4,39E-02 4,95E-04 2,14E-04 
Parathion celery leaves 10 0,24 0,07 16,1 0,003864 0,001127       
  endive 1 0,1 0,07 112,8 0,01128 0,007896       
  grapes 3 0,13 0,11 120,9 0,015717 0,013299       
  lambs lettuce 1 0,06 0,03 22,1 0,001326 0,000663       
  lettuce 1 0,26 0,21 30,5 0,00793 0,006405       
  parsley 6 0,128 0,04 2,1 0,000269 0,000084       
  spinach 8 1,7 0,09 101,6 0,17272 0,009144       
    30       0,213106 0,038618 1,80E-03 6,39E-06 1,16E-06 
Permethrin lambs lettuce 5 0,438 0,19 22,1 0,00968 0,004199       
  lettuce 3 0,87 0,52 30,5 0,026535 0,01586       
  peppers 1 1,06 1,09 25,9 0,027454 0,028231       
    9       0,063669 0,04829 3,00E-02 3,18E-05 2,41E-05 
Pirimicarb apples 3 0,02 0,003 144,5 0,00289 0,000434       
  endive 2 0,29 0,055 112,8 0,032712 0,006204       
  lettuce 1 0,51 0,27 30,5 0,015555 0,008235       
  parsley 1 0,78 0,12 2,1 0,001638 0,000252       
    7       0,052795 0,015125 3,53E-02 3,10E-05 8,89E-06 
Procymidone beans 3 0,267 0,165 104,4 0,027875 0,017226       
  cucumbers 1 0,4 0,14 51,4 0,02056 0,007196       
  endive 10 1,11 0,801 112,8 0,125208 0,090353       
  grapes 17 0,904 0,435 120,9 0,109294 0,052592       
  lambs lettuce 1 0,6 0,63 22,1 0,01326 0,013923       
  mushrooms 3 9,5 1,547 33 0,3135 0,051051       
  peas 1 0,26 0,26 90,3 0,023478 0,023478       
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  peppers 2 0,41 0,35 25,9 0,010619 0,009065       
  strawberries 17 0,646 0,276 123 0,079458 0,033948       
  tomatoes 9 0,116 0,209 77,1 0,008944 0,016114       
    64       0,732195 0,314945 6,38E-02 7,79E-04 3,35E-04 
Tolylfluanid currants 1 0,3 0,04 96,8 0,02904 0,003872       
  lambs lettuce 3 5,08 0,907 22,1 0,112268 0,020045       
  pears 15 0,217 0,003 150 0,03255 0,00045       
  strawberries 3 0,687 0,114 123 0,084501 0,014022       
  tomatoes 4 0,46 0,093 77,1 0,035466 0,00717       
    26       0,293825 0,045559 1,59E-03 7,79E-06 1,21E-06 
Vinclozolin apples 10 0,205 0,002 144,5 0,029623 0,000289       
  beans 11 0,211 0,046 104,4 0,022028 0,004802       
  celery leaves 8 11,927 0,359 16,1 0,192025 0,00578       
  cucumbers 1 0,18 0,02 51,4 0,009252 0,001028       
  currants 10 0,163 0,076 96,8 0,015778 0,007357       
  endive 39 0,75 0,215 112,8 0,0846 0,024252       
  grapes 4 0,633 0,21 120,9 0,07653 0,025389       
  kiwi 3 3,719 0,087 81,3 0,302355 0,007073       
  lambs lettuce 27 1,65 1,164 22,1 0,036465 0,025724       
  lettuce 68 1,201 0,484 30,5 0,036631 0,014762       
  parsley 3 1,713 1,51 2,1 0,003597 0,003171       
  pears 35 0,126 0,002 150 0,0189 0,0003       
  peppers 8 0,226 0,187 25,5 0,005763 0,004769       
  radishes 1 0,08 0,09 42,8 0,003424 0,003852       
  strawberries 91 0,282 0,142 123 0,034686 0,017466       
  tomatoes 15 0,138 0,144 77,1 0,01064 0,011102       
    334       0,882296 0,157117 6,38E-02 9,38E-04 1,67E-04 
        
Total 2,76E-03 8,97E-04 
EDI = consumption (kg/day) x residue(mg/Kg)/ body weight (60Kg) 
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Appendix C: Calculations for cumulative risk exposure from acetylcholinesterase inhibiting pesticides 
 
Pesticides samples Sample Pre-process Post-process Consump EDI Adj-EDI RPF EDI Adj-EDI EDI/ARfD (%) Adj-EDI/ ARfD (%) 
    No. mg/kg mg/kg (g)       chl eqv chl eqv chl eqv chl eqv 
Carbaryl grapes 1 0,19 0,19 120,9 0,00038 0,000383 0,842 0,00032 0,00032 0,322272468 0,322272468 
Methiocarb peppers 1 0,18 0,122 25,9 7,8E-05 5,27E-05 1,015 7,9E-05 5,3E-05 0,07888626 0,053467354 
Methomyl cucumbers 2 0,119 0,119 51,4 0,0001 0,000102 
 
  
 
    
  endive 1 2,4 2,18 112,8 0,00451 0,004098 
 
  
 
    
  lettuce 8 0,349 0,116 30,5 0,00018 5,9E-05 
 
  
 
    
    
 
  
 
  0,00479 0,004259 2,714 0,01301 0,01156 13,00509738 11,56098429 
Pirimicarb apples 3 0,2 0,003 144,5 0,00048 7,23E-06           
  endive 2 0,433 0,069 112,8 0,00081 0,00013 
 
  
 
    
  lettuce 1 0,51 0,27 30,5 0,00026 0,000137 
 
  
 
    
  parsley 1 0,78 0,12 2,1 2,7E-05 4,2E-06 
 
  
 
    
            0,00158 0,000278 0,111 0,00018 3,1E-05 0,175953292 0,030958641 
Chlorfenvinphos carrots 24 1,08 0,114 59,8 0,00108 0,000114 0,2 0,00022 2,3E-05 0,21528 0,022724 
Chlorpyrifos bananas 5 0,06 0,003 130,1 0,00013 6,51E-06           
  grapes 1 0,25 0,25 120,9 0,0005 0,000504 
 
  
 
    
  parsley 2 0,978 0,43 2,1 3,4E-05 1,51E-05 
 
  
 
    
  peppers 1 0,2 0,113 25,9 8,6E-05 4,88E-05 
 
  
 
    
  spinach 2 0,3 0,257 101,6 0,00051 0,000435 
 
  
 
    
            0,00126 0,001009 1 0,00126 0,00101 1,262413333 1,00927 
Chlorpyrifos-methyl grapes 1 0,1 0,1 120,9 0,0002 0,000202 0,083 1,7E-05 1,7E-05 0,016749688 0,016749688 
Diazinon carrots 2 0,099 0,028 59,8 9,9E-05 2,79E-05 
 
  
 
    
  parsley 1 0,07 0,03 2,1 2,5E-06 1,05E-06 
 
  
 
    
    
 
  
 
  0,0001 2,9E-05 0,166 1,7E-05 4,8E-06 0,0168112 0,004814046 
Dimethoate apples 3 0,19 0,168 144,5 0,00046 0,000405 5,32 0,00243 0,00215 2,434343333 2,152472 
Heptenophos celery leaves 3 0,09 0,089 16,1 2,4E-05 2,39E-05 
 
  
 
    
  parsley 1 0,14 0,06 2,1 4,9E-06 2,1E-06 
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  2,9E-05 2,6E-05 0,2 5,8E-06 5,2E-06 0,00581 0,005196333 
Malathion peppers 1 0,4 0,59 25,9 0,00017 0,000255 0,005 8,6E-07 1,3E-06 0,000861164 0,001270217 
Parathion celery leaves 10 0,455 0,241 16,1 0,00012 6,47E-05 
 
  
 
    
  endive 1 0,1 0,07 112,8 0,00019 0,000132 
 
  
 
    
  grapes 3 0,197 0,149 120,9 0,0004 0,0003 
 
  
 
    
  lambs lettuce 1 0,6 0,03 22,1 0,00022 1,11E-05 
 
  
 
    
  lettuce 1 0,26 0,21 30,5 0,00013 0,000107 
 
  
 
    
  parsley 6 0,206 0,164 2,1 7,2E-06 5,74E-06 
 
  
 
    
  spinach 8 2,65 0,3 101,6 0,00449 0,000508 
 
  
 
    
    
 
  
 
  0,00555 0,001128 2,66 0,01478 0,003 14,77565273 3,000595267 
Pirimiphos-methyl oranges 1 0,042 0,003 172,9 0,00012 8,65E-06           
  peppers 3 0,294 0,12 25,9 0,00013 5,18E-05 
 
  
 
    
            0,00025 6,04E-05 0,665 0,00016 4E-05 0,1648801 0,040195925 
Pyrazophos lambs lettuce 6 5,3 4,105 22,1 0,00195 0,001512 0,048 9,3E-05 7,2E-05 0,092960317 0,072000397 
Tetrachlorvinphos carrots 15 5,45 1 59,8 0,00543 0,000997 0,022 0,00012 2,2E-05 0,119036717 0,021841599 
Tolclofos-methyl celery leaves 4 0,751 0,133 16,1 0,0002 3,57E-05           
  endive 10 0,1 0,083 112,8 0,00019 0,000156 
 
  
 
    
  lambs lettuce 1 1,5 1,5 22,1 0,00055 0,000553 
 
  
 
    
  lettuce 1 0,25 0,2 30,5 0,00013 0,000102 
 
  
 
    
  parsley 1 0,15 0,15 2,1 5,3E-06 5,25E-06 
 
  
 
    
  radishes 1 0,14 0,05 42,8 1E-04 3,57E-05 
 
  
 
    
            0,00117 0,000887 1E-04 1,5E-07 1,1E-07 0,000148635 0,000112255 
                  0,03269 0,01831 32,68715662 18,31492448 
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